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Abstract
The te ra togen ic  e f f e c t s  o f  an organophosphate i n s e c t i c i d e ,  
monocrotophos, were s tud ied  during the embryonic development of  the  
neural tube ,  notochord, myotome and vertebrae  o f  the cervica l  region 
of  White Leghorn chickens. Embryos 0 to 5 days old were t r e a te d  
once with 100 u_g o f  monocrotophos and fixed a t  6 days of incubation.
The r e s u l t in g  cerv ica l  defects  became increas ing ly  severe with 
treatments  a t  0 to 2 days, were most severe when t rea ted  a t  3 days 
o f  incubation ,  then decreased in s e v e r i ty  when t r e a te d  on the  4th 
o r  5th day. The defects  consis ted  o f  fused vertebral  centra  and 
neural a rches ,  a warped notochord, and poorly developed muscle.
Light microscopic and e lec t ron  microscopic s tud ies  were made 
o f  the  development o f  the  defec ts  with t reatment  a t  3 days o f  
incubation (s tage  20). The embryos were f i r s t  observed a t  3 hours 
a f t e r  t rea tment  a t  which time 39% o f  the embryos were abnormal 
(ex ternal  obse rva t ion ) .  The abnormali t ies  consis ted  of  a myotome th a t  
was sh o r te r  than normal and a d i s t o r t i o n  o f  the  areas l a t e r a l  to  the 
n\yotome. Ind ica t ions  o f  th e  same abnormali t ies  were observed 
e x te rn a l ly  fo r  a l l  t rea tment  periods s tud ied  using SEM.
The arrangement o f  the  ac t in  and myosin f ilaments  of the  myofibri ls
in  the  t r e a te d  embryos was disorganized by 3 hours a f t e r  t rea tm ent .  No
myofibr i ls  were observed by 6 hours a f t e r  t rea tm ent .  The myofibr i ls
s t a r t e d  to  recover  from the e f f e c t s  o f  the in s e c t i c id e  by 24 hours
x i i i
x i v
but were s t i l l  fewer in number in the  t r e a te d  than in the  contro ls  by 
36 hours a f t e r  t rea tm en t .
The notochord developed a dorsoven tra l ly  warped appearance,  which 
became l a t e r a l  and increased in s e v e r i ty  as development continued. The 
ver tebra l  cen t ra  developing around the  notochord were wedge-shaped and 
fused, not rec tangu la r  as in the  c o n t ro l s .  The neural arches were also 
fused.  The f i r s t  8 to 10 cerv ica l  vertebrae  had developed as a so l id  
mass of  c a r t i l a g e  by 5 days a f t e r  t rea tm ent .  This region was one-ha lf  
the length o f  a normal cerv ica l  region.
An histochemical s t a in  fo r  ace ty lch o l in e s te ra se  (AChE) showed th i s  
enzyme to  be present  in the  myotome and the neural tu b e ,  but not in 
the notochord o f  s tage 20 embryos. Those compounds t e s t e d  which 
in h ib i t e d  AChE in ovo s h o r t ly  a f t e r  t reatment  a t  approximately s tage  20 
also caused the  cerv ica l  defects  when the  embryos were observed a t  
s tage  29 (6 days o f  incuba t ion ) .  Counter treatment with pyrid ine-2-  
aldoxime methiodide (2-PAM), an AChE r e a c t i v a t o r ,  corrected  some but not 
a l l  o f  the  defec ts  caused by monocrotophos. Some embryos t h a t  were 
t r e a te d  with both 2-PAM and monocrotophos looked l i k e  normal ones,  while 
o thers  had fused and curved cervica l  v e r teb rae .  All embryos t r e a te d  
with 2-PAM had an increase  in neck length  over those  o f  the  monocrotophos 
t r e a te d  embryos.
I t  was concluded t h a t  in h ib i t io n  o f  AChE in te r f e r e d  with muscle 
development. This in  some way caused a shortening  o r  compression of 
the  cervical  reg ion .  With le s s  than normal room to  e longa te ,  the 
notochord was forced in to  a curved shape. The vertebrae  developed 
wedge-shaped to  f i t  around these  curves,  and fused shortened vertebrae 
were the  r e s u l t .
In troduct ion
Many organophosphate and methyl carbamate in se c t ic id e s  have been 
found to be te ra togen ic  when in je c te d  in to  b ird  eggs (Kera and Bedok 
1967; Roger 1967; Meiniel e t  al_. 1970; Strudel 1971; Meiniel 1975b; 
Proctor  and Casida 1975; Moscioni et_ al_. 1977). The r e s u l t i n g  defects  
are a twisted  reduced neck, f ea th e r  abnorm ali t ie s ,  s i z e  reduc t ion ,  beak 
d e fe c t s ,  and limb d e fe c t s .  One to  a l l  o f  the defec ts  are  present  when 
a s p e c i f i c  in s e c t ic id e  i s  used.
The notochord, neural tube,  somites and o ther  s t ru c tu re s  in the 
cerv ica l  region in f luence  each o th e r  during development. To learn more 
about normal development, and the in te r a c t io n s  o f  these s t r u c tu r e s ,  
abnormal development was s tudied .  Monocrotophos was used as the t e r a t o ­
genic agent in these s tud ies  to d is ru p t  normal development. Monocroto­
phos (dimethyl phosphate o f  3-hydroxy-N.-methyl c i £  - crotonamide)
( f t(Azodrin ) i s  a vinyl organophosphate i n se c t ic id e  manufactured by 
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Organophosphate in se c t ic id e s  are  strong in h ib i to r s  o f  the enzyme 
a ce ty lc h o l in e s te ra s e ,  and as such d is rup t  normal nerve impulse 
transmiss ion.
Bull and Lindquist  (1964) f i r s t  reported monocrotophos as a 
metaboli te  o f  dicrotophos (Bidrin®). I t  i s  a minor metaboli te  in 
cotton and a major metaboli te  in r a t s .
The following quest ions were asked in t h i s  study in order  to 
determine the r e l a t io n sh ip s  and in te ra c t io n s  o f  the  d i f f e r e n t  
components o f  the cerv ica l  region during development.
1. What are the  gross e f f e c t s  of  monocrotophos treatment?
2. Is the re  a d i f fe ren ce  in the  r e s u l t in g  defec t  when the 
embryos are  t r e a te d  a t  d i f f e r e n t  times? I f  so ,  when are the  
embryos most s e n s i t iv e ?
3. How does the  defec t  develop a t  the most s e n s i t i v e  time 
period?
4. Does monocrotophos i n h i b i t  a c e ty lch o l in es te ra se  in the 
ear ly  embryo?
5. Can the de fec t  be corrected  using agents t h a t  r e a c t iv a te  
ace ty lcho l i  nes te rase?
6. What is  being d is rup ted  in ea r ly  development to  cause 
t h i s  de fec t?
L i te ra tu re  Review
Vinyl phosphate p e s t i c id e s ,  such-as dicrotophos or monocrotophos, 
in jec ted  in chicken eggs before incubation caused numerous t e ra to gen ic  
e f f e c t s  when the  embryos were observed near term. Among these e f fe c t s  
were abnormal f e a th e r in g ,  pa rro t  beak, shortened and twis ted  neck, 
and edema (P roc to r  and Casida 1975; Roger 1967; Roger e t  al_. 1964; 
1969).
The c is-crotonamide isomer o f  dicrotophos was found to  be the  
most a c t iv e ,  being te ra to g e n ic  a t  a dose o f  30 .ug/egg and h igher .
The t e ra togen ic  e f f e c t s  become more severe with inc reas ing  dosage. 
Dicrotophos causes the  above defects  when in je c te d  during the f i r s t  
6 days o f  incuba t ion ,  but not a f t e r  9 days. Treatment a t  4 days of  
incubation was found to  cause the  s e v e re s t  defects  (Roger 1967;
Roger ertal_. 1964; 1969).
White Leghorn embryos observed in the  egg were deformed 3 hours 
a f t e r  monocrotophos trea tm ent  a t  s tage  18 and 1 hour a f t e r  treatment 
a t  s tage  20. The d e fe c t ,  in the  neck region between the  a o r t i c  
arches and wing buds, consis ted  o f  an abnormal bending. Monocrotophos 
res idues  in developing eggs had decreased by one h a l f  by 48 hours but 
remained a t  t h i s  level  for  the  next 48 hours (Schom and Abott 1977).
Nicotin ic  acid analogs or precursors  such as n icot inamide,  NAD, 
NADH, NADP, or  NADPH a l l e v i a te d  the  symptoms o f  the  dicrotophos
syndrome except fo r  the  cerv ica l  defects  (Proc tor  and Casida 1975;
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Roger 1967; Roger et^a]_. 1964; 1969). There seemed to  be a c o r r e la t io n  
between NAD le v e l s  and the  te ra to g en ic  e f f e c t s  o f  c e r t a in  i n s e c t i c i d e s .
The in h ib i t io n  o f  a c e ty lch o l in es te ra se  (AChE) and o ther  e s te ra ses  
by dicrotophos does not c o r r e l a t e  d i r e c t l y  with the  degree o f  t e r a t o -  
genesis (P roc to r  al_. 1976; Upshall et^al_. 1968). Yolk sac membrane 
e s te ra se s  were t e s t e d  using a te ra togen ic  (d icrotophos)  and non- 
t e ra to g e n ic  (EPN) organophosphate. Using gel e le c t ro p h o re s i s ,  
e s t e r a se  bands were found t h a t  were in h ib i t e d  by d icro tophos,  but not 
by EPN (Flockhart  and Casida 1972). A more re f ined  technique l a t e r  
showed t h a t  th e re  was no c o r r e l a t io n  between in h ib i t io n  o f  a sp e c i f i c  
e s t e r a se  band and organophosphate t e ra to genes is  (Proc tor  et^al_. 1976).
Malathion, in je c te d  in to  chicken eggs a t  3.99 or  6.42 mg/egg 
from day 4 to 12 o f  incuba t ion ,  caused shortened l e g s ,  curled to e s ,  
pa rro t  beak^ lack o f  f e a t h e r s ,  and general reduction in body s i z e ,  
but no cervica l  de fec ts  (Greenberg and LaHam 1969). Tryptophan, 
q u ino l in ic  ac id ,  n icot inamide,  and n i c o t in ic  acid were t e s t e d  as 
counter  agents .  Tryptophan was the  best  agent with no malformations 
and normal s i z e  a f t e r  t rea tm en t .  Five to  10 per cent  malformations 
and growth r e t a r d a t io n  remained when the  o thers  were used (Greenberg 
and LaHam 1970). The authors concluded th a t  the  reduction in embryo 
tryptophan c o r r e la te d  with the  defects  caused by malathion.  Because 
t ryptophan is  necessary fo r  NAD sy n th e s i s ,  the  r e s u l t s  obtained by 
Greenberg and LaHam agreed with those  obtained by Proctor  and Casida 
(1975) , Roger (1967), and Roger et^al_. (1964 ;1969) .
Moscioni et_al_. (1977) reported  a good c o r r e la t io n  between 
decreased NAD lev e ls  a t  12 days o f  incubation and the  s e v e r i ty  o f  
micromelia and abnormal f ea th e r ing  a t  19 days using 26 organophosphate
and carbamate i n s e c t i c i d e s .  Kynurenine formamidase, an enzyme in 
the pathway t h a t  l i b e r a t e s  tryptophan from the  y o lk ,  was in h ib i t e d  by 
these  same compounds. This i n h ib i t io n  caused reduced NAD synthesis  
due to lowered amounts o f  tryptophan a v a i la b le .  Highly te ra tog en ic  
compounds lowered kynurenine formamidase a c t i v i t y  more than 75%
1 hour a f t e r  t rea tment  or sus ta ined  in h ib i t io n  of 40% fo r  24 hours 
a f t e r  t rea tm ent .
Strudel (1971) and Strudel and Gateau (1971) in je c te d  chicken 
eggs with n ico t in e  s u l f a t e  a t  2 or 4 days o f  incubation a t  dose levels  
o f  1 to  5 mg/egg, causing deformities  of  the  cerv ica l  reg ion .  The 
notochord curved l a t e r a l l y  by 8 hours a f t e r  t rea tment  in 44% o f  the 
embryos. The neural tube and somites were normal. The notochord was 
warped more, with the  o ther  areas normal by 12 hours a f t e r  treatment 
in 65% o f  the  embryos. The neural tube as well as the  notochord 
had a s inuso ida l  appearance by 24 hours.  The defect  was located  
between the  o t i c  capsule  and the eleventh ver tebrae  with 84% of the 
embryos a f f e c te d .  The t h i r d  to eleventh vertebrae  were shortened in 
an a n t e r io r  -  p o s te r io r  d i r e c t io n  by 36 hours ,  a f f e c t in g  98% o f  the  
embryos. There was a gross curvature  o f  the  neural tube and notochord 
and compression o f  the  organs in t h i s  reg ion .  All the  previously 
described signs were present  and more accentuated by 48 hours with 
a l l  the  embryos a f f e c t e d .  The authors concluded t h a t  the  deformation 
o f  the  notochord caused the  deformation o f  the  neural tube.
Coturnix q u a i l ,  t r e a te d  before  incubation by dipping in  an 
acetone so lu t io n  o f  para thion (2% a c t iv e  i n g r e d i e n t ) ,  were observed 
gross ly  and microscopical ly  a t  12 days o f  incubat ion .  Spinal d e fe c t s ,  
e sp e c ia l ly  in the  cerv ica l  reg ion ,  were the  main abnormalies observed.
The neck length was reduced and the  neck tw is ted ,  r e s u l t i n g  in the 
head ly ing  on the  r i g h t  s ide  o f  the  embryo. Mult iple curvatures  o f  
the  spine in the sagg i ta l  plane a f f e c t in g  the c e r v i c a l ,  t h o r a s i c ,  lumbar 
sacra l  and caudal regions were observed,  r e s u l t i n g  in a S-shaped 
sp ine .  These curves caused a shor tening  in the  embryonic body leng th .  
The cervical  curvature  was the  most pronounced, with fusion o f  the 
neural arches o f  the  f i r s t  7 to  8 ve r teb rae .  The eighth was free 
and served as the  pivot  for  the  tw is t in g  towards the  r i g h t .  The 
o c c ip i t a l  condyle was fused with the  odontoid process o f  the  axis 
(Meiniel 1970; 1975b; 1977a; Meiniel e t  al_. 1970).
Treatment by i n j e c t i o n  o f  parathion in o l ive  oil  (0.25 to  1 mg) 
r e s u l te d  in the  same defec ts  as dipping. When chicken eggs were 
t r e a te d  a t  0 ,1 ,  or  2 days o f  incuba t ion ,  no defec ts  were found unt i l  
the  fourth  day o f  incuba t ion .  At t h i s  time the  notochord appeared 
warped in a l a t e r a l  d i r e c t io n  c re a t in g  a sinusoidal  e f f e c t .  The 
symmetry o f  the  developing ver tebrae  and somites was d is rup ted .  A 
curvature  o f  the  cerv ica l  region had developed by 4% days o f  incubation 
( s tage  24 to  26) (Meiniel 1973a;1973b;1975b;1977a). H is to lo g ic a l ly  
b y ' t h i s  s tage  a concave curve a f f e c te d  the  notochord and neural 
tube a t  the  level  o f  the  eighth  to  ten th  ve r teb rae .  The notochord 
curve became more accentuated with t im e,  with the  neural tube following 
the  notochord 's  pa th .  The somites were segmented between 115 and 120 
hours ,  but with i r r e g u l a r  spac ings ,  e sp e c ia l ly  in the  curved region.  
Chondrif icat ion proceeded normally, but  with collagen and glycosamino- 
glycans being l a i d  down in the  i n te r v e r t e b r a l  spaces.  This occurred 
between the  f i f t h  and s ix th  days o f  incubation .
All o f  the  chicken embryos t r e a te d  on 5, 6, 7 ,  8 , or  10 days 
o f  incubation with 0.25 to  0.5 mg parathion and removed 3 o r  4 days 
a f t e r  t reatment  showed cerv ica l  deformations. Grossly these  appeared 
the same as those  o f  embryos t r e a te d  before incubat ion .  The neck 
was tw is ted  and shortened with the  head ly ing  on the  r ig h t  s ide  of  
the  body. The ver tebrae  in these  l a t e r  treatments were r a re ly  fused,  
but reduction o f  the  in te rv e r t e b ra l  spaces was seen. Abnormal 
muscle development was demonstrated by the lack o f  organ izat ion  o f  
the muscle myofibr i ls  (Meiniel 1973a; 1973b; 1974a; 1975b; 1977a).
Quail eggs,  t r e a t e d  with para th ion ,  received s ing le  or m ult ip le  
doses o f  1 to  2 mg pralidoxime, a cho l in es te rase  r e a c t iv a to r .
Parathion treatment  alone re su l ted  in the  neck de fe c t .  Parathion plus 
pralidoxime trea tment  a t  4 , 5 , and 6 days o f  incubation re su l ted  in 
no fusion o f  the  neural arches (Meiniel 1974b; 1974c; 1975b).
Quail eggs were t r e a te d  before incubation with 250 £g dicrotophos 
only and with 1 mg pralidoxime a t  both 3 and 5 days. Dicrotophos 
t r e a te d  embryos had defec ts  as described e a r l i e r  for  t h i s  p e s t i c id e .  
The neck defects  were correc ted  in embryos counter t r e a te d  with 
pralidoxime with some increase  in body leng th ,  but the o ther  anomalies 
were s t i l l  present  (Meiniel 1975a).
Parathion t r e a t e d  quail eggs (100 ug, 0 day) were counter  
t r e a t e d  with 1 to 2 m§ o f  one of the  following agents a t  3 days of 
incubat ion;  pyridine-2-aldoxime methyl methane su l fona te  (P2S); 
pyridine-2-aldoxime methiodide (2-PAM); N.-N.-tri methyl, 1 ,1 ,3 -b is  
pyridinium-4-aldoxime bromide (TM3-4); a t ro p ine ;  D-L-tryptophan; 
dimethyl su lfox ide  (DMSO); monoisonitrosoacetone (MINA); or 
diacetylmonoxime (DAM). The use o f  P2S, 2-PAM, and TKB-4 reduced the
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s e v e r i t y  o f  the  de fec ts  s im i la r  to the  act ion o f  pralidoxime. The 
o ther  compounds t e s t e d  had no e f f e c t  on revers ing  the d e fe c t s .
Meiniel (1976a; 1976b) concluded t h a t  a pyridinium nucleus,  quaternary 
n i t ro g en ,  and aldoxime function were necessary to  counterac t  the  
e f f e c t s  o f  para th ion .
Quail eggs were t r e a te d  before incubation with e i t h e r  75 u^ 
parathion or  250 jig dicrotophos alone or counter t r e a te d  with l' mg 
nicotinamide or  2 mg pralidoxime a t  3 days. The expected syndromes 
re su l te d  when the eggs were t r e a te d  with the  i n s e c t i c id e  a lone .  A 
normal looking embryo r e su l te d  with parathion plus pralidoxime 
trea tm en t .  The parathion syndrome was present with parathion plus 
nicotinamide t rea tm en t .  Dicrotophos plus pralidoxime correc ted  
spinal d e fe c t s ,  while beak, limb, and fea ther  defects  remained. 
Dicrotophos plus nicotinamide correc ted  beak, limb, and fea th e r  
defects  while the  spinal  ones remained. These r e s u l t s  demonstrated 
a dual mode o f  te ra to g e n ic  act ion with dicrotophos (Meiniel 1976a; 
1976c).
Meiniel (1977b) in jec ted  quail eggs a t  3 days o f  incubation 
with e i t h e r  1 mg malathion, 250 u$ d icrotophos,  or 1 to 100 u,g 
para th ion .  These embryos were examined a t  8 to 11 days for  
c o r r e la t io n  between axial abnormali t ies  and AChE in h ib i t i o n .  AChE 
was only s l i g h t l y  in h ib i t e d  and no cervica l  defects  r e s u l te d  with 
malathion t rea tm ent .  AChE a c t iv i t y  was g rea t ly  reduced, and axial 
deformities  were presen t  with dicrotophos t rea tm ent .  AChE a c t i v i t y  
was s l i g h t l y  reduced, but the  embryos had a normal external  
appearance when t r e a te d  with 1 jug para th ion .  Increas ing  amounts o f  
parathion up to 10 u.g increased the  degree o f  deformity,  with more
vertebral  fu s ion ,  and increased the degree o f  AChE i n h ib i t io n .
Meiniel concluded t h a t  the re  was a pos i t iv e  c o r r e la t io n  between 
AChE in h ib i t io n  and the  observed cervica l  d e fe c t s .  This i s  opposi te  
the  conclusion o f  Proctor  e t  al_. (1976) and Upshall e t  aK  (1968).
Treatment o f  3 or 4 day chicken embryos with carbachol 
ch lo r id e ,  decamethoniurn iod ide ,  neostigmine bromide (Landauer 1975; 
Meiniel 1978), succiny lchol ine  c h lo r id e ,  trimethyl phenyl ammonium 
io d id e ,  tetramethylammonium c h lo r id e ,  pyridostigmine bromide 
(Landauer 1975), n i t ro s t ig m in e ,  demecarium bromide, o r  physostigmine 
(e se r ine )  (Meiniel 1978) r e su l ted  in a shortened cerv ica l  region.
These compounds are e i t h e r  an tagonis ts  o f  ace ty lcho l ine  which 
depolar ize  postsynapt ic  ju n c t io n s ,  or a n t i c h o l in e s te r a s e  agents .  
Treatment with gall amine (Landauer 1975; Meiniel 1978), benzo- 
qui.nonium (Landauer 1975) or hexamethonium (Meiniel 1978) countered 
the t e ra togen ic  agents ,  r e s u l t i n g  in normal looking embryos (external  
view on ly ) .  The incidence o f  the defect  caused by carbachol or 
neostigmine was g rea t ly  reduced by 2-PAM and P2S trea tments  
(Landauer 1977).
Several authors (Drachman and Sokol o f f  1966; Murry and 
Drachman 1969; Su l l ivan  1966) have demonstrated t h a t  movement plays an 
important ro le  in  j o i n t  formation.  Ske le ta l  muscle contrac t ions  have 
been observed in chicken embryos as ear ly  as 3k  to  4 days o f  
incubat ion .  Pa ra lys is  of these  muscles produced te ra tog en ic  e f fe c t s  
in  the sk e le ta l  system. Decamethoniurn, an i n h i b i t o r  o f  muscle 
c o n t ra c t io n ,  was used to  t r e a t  embryos during ea r ly  development.
The r e s u l t in g  embryos were s l i g h t l y  re ta rded  in growth. The head 
was def lec ted  to  the  r ig h t  with a sharp 90 degree bend in the  neck.
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The ver tebra l  column was ro ta ted  on i t s  ax is  in  a counter clockwise 
d i r e c t i o n .  The ver tebra l  column had buckled in to  an S-shaped curve 
due to a n te r io r  -  p o s te r io r  compression o f  the  body. Fusion between 
car t i lagenous  ver tebrae  occurred,  being most no t iceab le  in the  neural 
arch region .  There was car t i lagenous  fusion between the  a t l a s  and 
the  base o f  the  skull  (Su l l ivan  1966).
Embryo p a ra ly s is  caused j o i n t  c a v i t i e s  to  f a i l  to  develop in 
chicken embryos. Jo in t  in terzones were f i r s t  occupied by a vascular  
connective t i s s u e  and l a t e r  by compact f ib ro u s ,  c a r t i l a g en o u s ,  or 
bony t i s s u e  depending on the  composition o f  the  elements being fused 
(Drachman and Sokol o f f  1966; Murry and Drachman 1969).
Removal o f  the  notochord in young embryos caused an unsegmented 
ventral  ^cart i lagenous mass to develop in s tead  o f  the  ver tebra l  c en t ra .  
The dorsal region had normal neural arches .  Removal o f  the  neural 
tube caused e i t h e r  absence o f  o r  abnormal neural arches to  form 
(Strudel 1955a; 1955b; 1967).
Acety lcho l ines te rase  (AChE) i s  usual ly  mentioned in connection with 
ch o l ine rg ic  nerves ,  neuromuscular and neurotendenous j 'unctions.
Numerous authors have reported  AChE in non-neural lo c a t io n s .  Bishop 
e t  al_. (1976) reported the presence o f  a cho l ine rg ic  system in both 
bull and human sperm. All pa r ts  o f  the  sperm contained AChE, but 
the t a i l  contained the  h ighes t  amounts. I t  was postu la ted  t h a t  t h i s  
system played an important  ro le  in c o n t ro l l in g  sperm m o t i l i t y .
Sas t ry  e t  al_. (1976) demonstrated t h a t  the human placenta 
conta ins  AChE-and ace ty lch o l in e  (ACh) even though i t  lacks innerva t ion .  
The ACh was loca ted  mainly in  the  syncy t io t rophob las t  with the  highest
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lev e ls  in  the  second t r im e s t e r .  The placental  cho l inerg ic  system may 
play a ro le  in  regu la t ion  o f  the  t r a n s p o r t  of  n u t r i e n t s  and chemicals 
across the  syncy t io t rophob las t  and thereby reg u la te  f e ta l  growth. 
During the  second to  s ix th  months o f  pregnancy, i t  i s  d i f f i c u l t  for  
chemicals to  cross the  placental  b a r r i e r .  This i s  the  time th a t  the 
cho l ine rg ic  system i s  the  most a c t iv e .  During the o ther  times in 
pregnancy, chemicals can cross the  b a r r i e r .  This coincided with 
the  time o f  l e s s e r  c h o l in e rg ic  a c t i v i t y .
AChE is  loca ted  i n t e r n a l l y  in r a t  l i v e r  c e l l s  in smooth and 
rough endoplasmic re t icu lum ,  in golgi appara tus ,  in the  nuclear  
membrane, and between c e l l s  a t  t i g h t  junc t ions  ( S a t l e r  e t  al_. 1974). 
Hepatic ty ro s in e  transaminase was increased by s t im u la t ion  of  the  
vagus and by cho l in e rg ic  drugs.  This was antagonized by drugs 
which block pro te in  sy n th e s i s .  A ch o l ine rg ic  mechanism was a f fe c t in g  
p ro te in  syn thes is  in t h i s  case.  The s u b c e l lu la r  l o c a l i z a t io n  of  
AChE a c t i v i t y  in d ica ted  the  s i t e s  o f  ace ty lcho l ine  i n t e r a c t io n  with 
p ro te in  sy n th e s i s .  ACh could inf luence  the  re le a se  of  RNA to  the 
cytoplasm as well as the  ribosomes (Black and Reis 1971).
Bartos and Glinos (1976) demonstrated t h a t  AChE was loca l ized  
on cel l  membranes and was re leased  in to  the  medium in  cu l tu red  
WRL-10A f i b r o b l a s t s ,  a sub l ine  o f  L-929 mouse f i b r o b l a s t s .  Their 
work a lso  showed t h a t  AChE a c t i v i t y  increased 100 fold when contac t  
i n h ib i t io n  occurred.
AChE a c t i v i t y  occurres  in embryonic sk e le ta l  muscle c e l l s  
from chicken embryos cu l tu red  without nerves. The a c t i v i t y  i s  in 
the  sarcolemma, in subsurface  vacuoles , in sac ro tu bu la r  membranes,
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in the  nuclear  envelope,  and ou ts ide  the  c e l l s .  The nucleoplasm, 
mitochondria and myofilaments contain  no a c t i v i t y  (Sawyer e t  al_. 1976).
The AChE system may be involved in  events concerning spontaneous 
con trac t ion  o f  card iac  muscle according to  Taylor (1976). Embryonic 
chicken hear t  e x h ib i t s  cho l inerg ic  a c t i v i t y  from s tage  3 (12 hours) 
to  4 days a f t e r  ha tching .  During the  f i r s t  14 days o f  incubation 
sp e c i f i c  a c e ty lc h o l in e s te r a s e  a c t i v i t y  i s  p re sen t .  However, 
a f t e r  14 days o f  incubation only nonspecif ic  or pseudocholinesterase  
occurs .  The a c t i v i t y  i s  located  in the  golgi appara tus ,  sacroplasm 
re t icu lum , rough endoplasmic ret iculum (RER), T-tubule system, nuclear  
membrane, and sacrolemma. The exact lo ca t io n  var ies  as to  the 
s tage  o f  development. AChE a c t i v i t y  occurs in  the  n\yofilaments as 
soon as they  appear ( s tage  10).  This a c t i v i t y  increases  with 
development.
Drews (1975) s tud ied  AChE during embryonic development in chickens . 
Abundant AChE was found in  t i s su e s  independent o f  the  nervous system.
Every organ s tud ied  ran through a pliase o f  AChE a c t i v i t y  during 
d i f f e r e n t i a t i o n .  After  the  organ s t r u c tu r e  had been developed, 
the  AChE a c t i v i t y  decreased.  Histochemical methods demonstrated t h a t  
the  c e l l s  involved in  morphogenic movements contained AChE. Drews 
suggested th a t  AChE might be connected with an a c t in  -  myosin system 
used fo r  c e l l u l a r  movements. Sclerotomic c e l l s  migrating from the 
somites show a p o s i t iv e  reac t ion  to  AChE s t a i n s .  They become 
negat ive  when migration stops and they o r i e n t  near the  notochord.
These c e l l s  again become p o s i t iv e  during c a r t i l a g e  development. The 
developing myotome, ven tra l  gang l ia ,  ventra l  horn o f  the  spinal  cord,
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apical  ectodermal r id g e ,  mesonephros, and l in in g  o f  blood vesse ls  are 
p os i t iv e  a t  s tage  20 (about 3 days o f  incu b a t io n ) .  AChE a c t i v i t y  
was found during th e  d i f f e r e n t i a t i o n  o f  c a r t i l a g e  with maximum leve ls  
a t  s tage  24, and during muscle and nerve development o f  a l l  s t ag es .
Materials  and Methods
General methods
F e r t i l e  White Leghorn eggs were obtained from the LSU Poultry 
Farm on Perkins Road. Eggs were incubated a t  38 to 39.5°C ( s t i l l  a i r )  
fo r  the desired  time before and a f t e r  t rea tm ent .  All in je c t io n s  were 
made in to  the  yolk using a 50 £ l  Hamilton syr inge .  Boiled d i s t i l l e d  
water  was used as the  so lven t  in a l l  cases .  Control embryos were 
in je c te d  with the  same volume of  water  as t r e a te d  embryos a t  the 
same trea tment  period.
The monocrotophos used in t h i s  s tudy (an a ly t ica l  s tandard ,
Shell Chemical Company) was obtained from the Entomology Department, 
LSU.
Gross e f f e c t s  o f  monocrotophos
The eggs were in je c te d  with 50 _ug o f  monocrotophos a t  2 or 
3 days o f  incubat ion .  The eggs were returned to  the  incubator  and 
incubated a to t a l  o f  17 days. The embryos were then removed from 
the  eggs and f ixed in 10% formaldehyde. The lengths o f  the  body, 
l e g s ,  wings, neck, head, beak, and middle toe  were measured.
Defect appearance versus day o f  treatment
F e r t i l e  eggs were i n je c te d  with 100 ucj o f  monocrotophos before 
incuba t ion ,  or  a t  1,  2 ,  3,  4 or 5 days o f  incubation .  All embryos
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were removed a t  6 days o f  incubation and fixed in Bouin's f i x a t iv e .
Sl ides  for  examination by l i g h t  microscope were prepared (Humason 
1972),. and the  sec t ions  were s ta ined  using a modif ication o f  
Mallory 's  trichrome s t a in  (Evere t t  and Mil le r  1973).
Development o f  defec ts  with t reatment  a t  J3 days o f  incubation
The eggs were incubated fo r  3 days then in je c te d  with 100 jjg of  
monocrotophos. The eggs were returned to the  incubator  un t i l  the  
required  time.
For l i g h t  level  s tu d ie s  the  control and t r ea te d  embryos were 
removed 3, 6, 9 and 12 hours a f t e r  t rea tm en t ,  and every 12 hours 
t h e r e a f t e r  fo r  a t o t a l  o f  3 days following t rea tm en t ,  and on 5 days 
a f t e r  t rea tm ent .  The embryos were fixed in Bouin's f i x a t i v e .  They 
were e i t h e r  s ta ined  in  to to  in alum cochineal (Guyer 1953), embedded 
and sec t io n ed ,  or embedded in p a ra p la s t ,  sect ioned a t  10 urn, and 
s ta ined  with a modificat ion of  Mallory 's  tr ichrome s t a in  (Evere t t  
and Mil le r  1973).
Control and t r e a te d  embryos were removed 3, 6, 9 ,  12, 24, and 
36 hours a f t e r  t rea tment  fo r  t ransmiss ion e lec t ron  microscopic (TEM) 
s t u d i e s .  The embryos were fixed in 5% glutaraldehyde in 0.1M 
cacodylate  bu f fe r  pH 7.2 fo r  1 hour, post f ixed in 1% osmium 
te t ro x id e  in 0.1M cacodylate  b u f f e r ,  pH 7 .2 ,  s ta ined  in to to  
in 0.53> uranyl a c e ta te  o ve rn igh t ,  dehydrated using a c id i f i e d  
2,2-dimetho*ypropane (DNP), and embedded in epo n -a ra ld i te  (Dawes 1971). 
Cross sec t ions  o f  the  cerv ica l  region were cut  a t  1 micrometer and 
s ta in e d  with to lu id in e  blue (Dawes 1971). Pale gold to  s i l v e r  
sec t ions  were cut  from the desired areas using a MTB-2 u l tramicro tone .
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Grids were s ta ined  with uranyl ace ta te  and Reynold's lead c i t r a t e .
Grids were observed using an Hitachi HU-11A Transmission Electron 
Microscope.
Embryos were removed on the same schedule for  scanning e lec t ron  
microscopic (SEN) s tu d ie s  as used for  TEM s tu d ie s .  The embryos 
were fixed in FAA (10% formalin ,  85% e thano l ,  5% g lac ia l  a c e t i c  a c id ) ,  
rap id ly  dehydrated in a c id i f i e d  DKP and dr ied  using a Denton c r i t i c a l  
point  drying apparatus .  The embryos were mounted on s tubs using 
Televis ion Tube Koat® . They were coated with 200A o f  gold-palladium 
using a Hummer s p u t t e r - c o a t e r .  Specimens were observed using an 
Hitachi S-500 Scanning Electron Microscope.
Histochemical s t a i n  fo r  a c e ty lch o l in e s te ra se
The following chemicals were obtained from Si p a  Chemical 
Company: ace tyl  th io ch o l ine  io d id e ,  butyryl th iocho l ine  iod ide ,  
e se r ine  s u l f a t e ,  tetraisopropylpyrophosphoramide,  and 1 ,5 -bis 
(4-allyldimethylammoni umphenyl) - pentane-3-1 di bromi de .
Embryos were s ta in e d  fo r  a c e ty lch o l in es te ra se  (AChE) to 
determine the e f f e c t s  o f  monocrotophos on th i s  enzyme. In h ib i t io n  
by e se r in e  ind ica te s  the  general enzyme c la ss  cho l in es te rase  
(Pearse 1972). False or pseudocholinesterase  i s  s p e c i f i c  fo r  the 
su b s t r a t e  butyryl th io c h o l ine  iodide (BuThCh) and in in h ib i t ed  by 
tetraisopropylpyrophosphoramide (isoOMPA). True or ace ty lch o l in e s te ra se  
i s  s p e c i f i c  fo r  the  s u b s t r a t e  acetyl  th iocho l ine  iodide and is  inh ib i ted  
by 1 ,5 -b i s  (4-allyldimethylammoniumphenyl)-pentane-3-l dibromide 
(p rev ious ly  i d e n t i f i e d  in the  l i t e r a t u r e  as 284C51) (Pearse 1972).
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Two published methods fo r  AChE lo c a l i z a t io n  were at tempted.  The 
method o f  Tsuji (1974) r e s u l te d  in nonspecif ic  s t a i n .  A modif ication 
o f  the  method o f  Karnovsky and Roots (1964) r e su l te d  in a po s i t ive  
reac t ion  with l i t t l e  o r  no nonspecif ic  r ea c t io n .  The embryos were 
f ixed in 4% formalin + CaCl2  for  1 hour,  then s to red  in 0.1M ace ta te  
bu f fe r  overn igh t .  The neck region from the  base of the  n\yel encephalon 
to  the wing buds was cut  in to  4 - 5  pieces and incubated in  20 ml 
o f  the medium o f  Karnovsky and Roots for  1 hour a t  38°C. After  
incubation the  t i s s u e  was dehydrated through a graded s e r i e s  of  
e thano l ,  embedded in  p a ra p la s t ,  cut  a t  10 urn and mounted on s l i d e s .
The reac t ion  pene t ra ted  the  t i s s u e  blocks s lowly, so the  reac t ion  
product was only near the  cut  su r fa ce .
Tissue for  the  in v i t ro  t e s t s  was from embryos incubated 3 
days (average s tage  19+). The t i s s u e  was incubated with 3 in h ib i to r s  
and 2 su b s t ra te s  (Table 3) to  determine the  s p e c i f i t y  of  the reac t ion .
Embryos fo r  the  in  ovo t e s t s  were incubated fo r  3 days before 
t rea tm en ts .  Three hours a f t e r  t reatment  the  embryos were removed 
from the eggs and f ixed as above. Some embryos were s ta ined  for  
AChE without f i x a t io n .  The reac t ion  r e s u l t s  o f  the  l a t t e r  were 
recorded and s l i d e s  were not made. The embryos in the  in ovo t e s t s  
were t r e a te d  with e se r ine  s u l f a t e ,  isoOMPA, 284C51 or  monocrotophos 
(Table 4 ) .  Control embryos were in je c te d  with d i s t i l l e d  water.
Embryos were t r e a te d  a t  3 days o f  incubation with ese r ine  
(130 j jg ) ,  isoOMPA (100 jug), 284C51 (100 ug to  5 mg), or  monocrotophos 
(100 ug).  Control embryos were in je c te d  with d i s t i l l e d  water .
The embryos were incubated an addit ional  3 days,  then f ixed in FAA.
The embryos were s ta in e d  in t o to  fo r  c a r t i l a g e  using the  method o f
Ojeda e t  al_. (1970).
Correction o f  monocrotophos defects  by 2 -PAM
Pyr id in e -2 -a ldoxime methiodide (2-PAM) was obtained from 
Sigma Chemical Company.
White Leghorn embryos were t r e a te d  a t  various times during 
incubation with monocrotophos and 2-PAM. Embryos were p re t re a ted  
with 2-PAM on 2 (1 mg) or 3 (0 .5  mg) days of  incubation before  an 
in je c t io n  o f  both monocrotophos (100 ug) and 2-PAM (1 mg) a t  3 days 
o f  incuba t ion .  Embryos were t r e a t e d  with both monocrotophos and 
2-PAM a t  3 days, and then 2-PAM (1 mg) a t  4 days. Embryos were also 
t r e a te d  with monocrotophos alone (100 jug) o r  with an i n j e c t i o n  o f  
both monocrotophos and 2-PAM (1 o r  2 mg) a t  3 days o f  incubat ion .  
Control embryos were in je c te d  with d i s t i l l e d  water .
Embryos t r e a te d  with both monocrotophos and 2-PAM (1 mg) were 
removed 3 hours a f t e r  t rea tment  and f ixed in 4% formalin plus 5mM 
CaCl2 * The neck region was cut  in to  3 - 4  pieces and s t a in e d  for  
AChE using the method o f  Karnovsky and Roots (1964). The t i s s u e  was 
embedded and s l id e s  were made.
The remaining embryos were removed a t  6 days o f  incubation 
and f ixed with FAA overn igh t .  Embryos were s ta ined  fo r  c a r t i l a g e  
in  to to  using the  method o f  Ojeda e t  al_. (1970). The embryos 
were c leared  in benzene and photographed.
R esults
Gross e f f e c t s  o f  monocrotophos
Table 1 conta ins the  measurements o f  t r e a te d  and control  embryos 
a t  17 days o f  incubat ion .  A t - t e s t  analys is  fo r  2 means (Steel  and 
Torrie  1960) was conducted to compare populat ions .  Data were reported 
as mean * s tandard dev ia t ion .
There was no s i g n i f i c a n t  d i f fe ren ce  ( P>0.05) between treatments 
on 2 o r  3 days o f  incubat ion .  All the  following comparisons are  between 
t r e a te d  and control  embryos on the  same treatment  day. There was no 
s i g n i f i c a n t  d i f fe rence  (P>0.05) between t r e a te d  and control embryos 
in head o r  beak len g th s .  The wings were s i g n i f i c a n t l y  sh o r t e r  in 
the  t r e a te d  embryos on 2 (P<0.02) and 3 days (P<0.0T) than in  c o n t ro l s .  
The toe  length o f  the  t r e a t e d  embryos was s i g n i f i c a n t l y  s h o r te r  
(P<0.01) a t  3 days and highly  s i g n i f i c a n t  (P^O.OOl) a t  2 days. The 
body, l e g ,  and neck lengths were highly s i g n i f i c a n t  (P40.001) when 
compared to  the  con tro ls  a t  both 2 and 3 days o f  t rea tm ent .
Defect appearance versus day o f  t reatment
The control embryos fo r  t rea tments  before incubation (P la te  I ,
Fig. 1) or  a t  1 day (P la te  I I ,  Fig. 4 ) ,  2 days (P la te  I I I ,  Fig. 6 ) ,
3 days (P la te  IV, Fig. 8}, 4. days (P la te  V, Fig. 10) ,  o r  5 days 
(P la te  VII, Fig. 13) o f  incubation had the  same appearance. The
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Table 1: Comparison o f  body parameters f o r  2 and 3 day treatments (mm)
Day Body Leg Winq Neck
Treated Control Treated Control Treated Control Treated Control
2 75.0±4.4# 86.0-0 .9 47.8-3.3^ 53.5-1.3 27.3—1.3 * 28.4-0.5 9 .8-1 .9^ 20.7-1.5
3 77.3±2.7# 85.8-3 .3 49.3-2.7^ 53.5-3.0 27.6-1.1* 28.8-1.3 11.8-2 .0# 20.7-1.5
Day Head Beak Toe
Treated Control Treated Control Treated Control
2 29.4-0.9 30.3-0.5 5 .0-0 .0 5 .2-0 .5 12.9-1.4^ 14.8-0.4




Comparisons are  between t r e a te d  and contro ls  o f  the  same day
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vertebrae  were well developed with rec tangu la r  vertebral  centra  
and d i s t i n c t  neural a rches .  The notochord ran through the  middle of  
the  ver tebra l  c e n t r a .  The neural tube was s t r a i g h t ,  with no info ldings 
in to  i t s  cen tra l  cana l .
Some o f  the  embryos t r e a te d  with monocrotophos before  incubation 
had the same appearance as con tro ls  o f  the  same time period (P la te  I ,  
Fig. 2 ) .  Others has a s l i g h t l y  warped notochord (P la te  I ,  Fig. 3 ) .
The cen tra  o f  the  ver tebrae  in the  l a t t e r  were s l i g h t l y  compressed. 
L i t t l e  o r  no fusion o f  the  neural arches occurred when the  embryos 
were t r e a te d  before incubat ion .
Treatment a t  1 day o f  incubation increased the  s e v e r i ty  o f  the  
defec t  a t  6 days when compared to  embryos t r e a te d  before incubat ion .  
There was increased warping o f  the  notochord,  and more vertebrae  were 
compressed (P la te  I I ,  Fig. 5 ) .  Fusion o f  both the  neural arches 
and ver tebra l  centra  occurred in the  extreme points o f  the  curvatures 
o f  the  notochord, involving 3 to 4 v e r teb rae .
Treatments a t  2 days o f  incubation resu l te d  in a more s inusoidal  
notochord than observed previously ( P la te  I I I ,  Fig. 7b).  Severe 
compression o f  both the  ver tebrae  and spinal  ganglia was present 
( P la te  I I I ,  Fig. 7a ) .  Fusion o f  the  f i r s t  8 cervica l  vertebrae  
occurred both in the  neural arches (P la te  I I I ,  Fig. 7a) and in the 
ver tebra l  cen t ra  (P l a t e  I I I ,  Fig. 7b).
Treatment o f  embryos a t  3 days o f  incubation resu l te d  in  defects  
s i m i l a r  to  those obtained with t rea tment  a t  2 days. There was fusion 
o f  the  neural arches (P la te lV ,  Fig. 9a,b) and the  ver tebra l  cen t ra  
( P la te  IV, Fig. 9 a ,b ;  P la te  V, Fig. 9 c ) .  The s inusoidal  path o f  the
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notochord was mainly l a t e r a l .  The neural tube showed evidence of tw i s t ­
ing along with the  notochordal curva tures .
Treatment o f  the  embryos a t  4 days o f  incubation resu l te d  in 
appearances ranging from a s inusoidal  notochord and s l i g h t  fusion 
o f  the  ve r tebra l  cen t ra  (P la te  VI, Fig. 11) to a s t r a i g h t  notochord 
and no fusion o f  the  centra  (P la te  VI, Fig. 12). Even with a 
twisted  notochord, the  centra  o f  these vertebrae  were not compressed 
as much as those o f  3 day t rea tm en ts .  The neural arches in both 
cases were fused from the second through the eleventh ve r teb rae .  The 
neural tube was tw is ted  when the  notochord was s in u s o id a l ,  s im i l a r  to 
t h a t  seen in embryos t r e a t e d  a t  3 days. When the  notochord was 
s t r a i g h t ,  the  neural tube was s t r a i g h t .
Five day trea tments  a f fec ted  only the neural a rches .  The 
neural arches o f  the  f i r s t  10 to  12 cervical  vertebrae  were fused 
( P la te  VII, Fig. 14).  The notochord and the  ver tebra l  centra  
were s t r a i g h t  as c o n t r o l s ,  not fused o r  compressed. The ganglia  
were not compressed.
Development o f  defects  with t reatment  a t  3 days o f  incubation
Table 2 shows the  average s tage  o f  the  embryos and the per cent 
o f  the embryos with defec ts  as observed using a d i s s e c t in g  microscope 
a t  the  hour a f t e r  t rea tment  in d ica ted .  Embryos were staged a f t e r  
membrane removal according to the  system o f  Hamburger and Hamilton 
(1951).
Three hours a f t e r  t rea tment  with monocrotophos was the  e a r l i e s t  
time period in which the  embryos were observed. When the  embryos 
were observed using the  SEM, a v a r ie ty  o f  appearances were p resen t .
Table 2: Stage o f  development and per cent  abnormal embryos a t
various hours a f t e r  t rea tment  with monocrotophos 
a t  3 days o f  incubation9






3 20+ 39.1 56.5 4.3
6 21+ 83.3 11.1 5.5
9 22+ 84.2 15.8 0.0
12 22+ 71.4 21.4 7.1
24 24 100 0.0 0.0
36 26- 100 0.0 0.0
48 27 100 0.0 0.0
60 28 100 0.0 0.0
72 29 100 0.0 0.0
a Embryos were observed using a d is se c t in g  microscope 
b Stages according to  Hamburger and Hamilton (1951)
+ o r  - in d ic a te s  s tages  in  between the  numbered ones
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The t r e a t e d  embryos ranged in appearance from the same as contro ls  
(P la te  VII I ,  Fig. 16) to compression o f  somites (P la te  VII I ,  Fig. 18). 
Embryos with s l i g h t  compression were a lso observed (P la te  VII I ,
Fig. 17) . Saggital se c t io n s  o f  the  t r e a te d  embryos revealed a 
s l i g h t  compression o f  the  area j u s t  external  to the  somites (P la te  IX, 
Fig. 20a). There was also a decrease o f  the  area in between the 
ganglia  (P la te  IX, Fig. 20b). The notochord did not dev ia te  from 
i t s  normal p os i t io n .  A curve in both the  neural tube and notochord 
was ind ica ted  by the  change in cut  of the  neural tube as i t  goes 
from longitud ina l  to  almost cross sec t io n  to  long i tud ina l  again.
Some embryos were more a ffe c te d  than t h i s  a t  3 hours a f t e r  t rea tm en t .
A curve was s t i l l  seen in the  neural tube and notochord (P la te  X,
Fig. 21), and the notochord had developed a s inusoidal  appearance.
Control (P la te  X, Fig. 22) and t r e a te d  (P la te  X, Fig. 23) 
embryos were cut  a t  1 micrometer fo r  l i g h t  level observa t ions .
The defec t  can be seen as a s l i g h t l y  misshapen notochord.
Cytoplasmic d i f fe rences  were observed a t  the  u l t r a s t r u c t u r a l  
l e v e l .  Both the  microtubules and microfilaments from the ventral  
port ion o f  the  marginal lay e r  o f  the  neural tube were d is tu rbed  
(P la te  XI, Fig. 25) in  the  monocrotophos t r e a te d  embryos. The 
cytoplasm o f  the  notochord in the  control embryos (P la te  XI, Fig. 26) 
was denser than t h a t  o f  the  t r e a t e d  embryos (P la te  XI, Fig. 27).
The t r e a t e d  embryos had fewer m yofibr i ls  (P la te  XII, Fig. 29) than 
the  con tro ls  (P la te  XII, Fig. 28).  The dark s t a in in g  fi laments 
a re  myosin and the f ine  ones around the  myosin and s c a t t e r e d  throughout 
the  cytoplasm are  a c t in  (Allen 1978). The sclerotome around the
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notochord o f  both the  control (P la te  XII, Fig. 30) and the  t r e a te d  
embryos (P la te  XII, Fig. 31) were s im i l a r .  E x t r a c e l lu la r  f i b r i l  
production was not as y e t  ev iden t .
At 6 hours a f t e r  treatment the  compression o f  the  somitic  
areas in the t r e a te d  embryos (P la te  XIII ,  Fig. 33) as observed using 
SEM had increased over t h a t  observed a t  3 hours a f t e r  t rea tm ent .  The 
t r e a t e d  embryos had s ide  to  s ide  cu rv a tu res ,  as well as compression.
Light level  s l i d e s  demonstrated the  same compression in the  
t r e a te d  embryos (P l a t e  XIV, Fig. 36a) as seen in  SEM s tu d i e s .  The 
somites and ganglia  were compressed in the  t r e a te d  embryos (P la te  XIV,
Fig. 36b,c,e)when compared to the  con tro ls  ( P la te  XIII ,  Fig. 34c; 35a ,b) .  
The curvatures o f  the  notochord (P la te  XIV, Fig. 36d; 37) have 
increased  in s e v e r i t y  from th a t  seen a t  3 hours a f t e r  t rea tm ent .
The neural tube was a lso  tw i s t e d ,  as ind ica ted  by the  warped 
appearance o f  the  cen t ra l  c a n a l .
The notochord o f  the  t r e a t e d  embryo was o f f  cen te r  and was 
pushing in to  the  neural tube ( P la te  XV, Fig. 39) in the  cross se c t io n .
The number and s i z e  o f  the  vacuoles in  the  notochord o f  both t r e a te d  
and control embryos (P la te  XV, Fig. 38) was s im i l a r .
The microtubules o f  the  processes from the marginal l a y e r  o f  the 
neural tube appeared d is tu rbed  in  the  t r e a t e d  embryos (P la te  XV,
Fig. 41) a t  the  TEM l e v e l .  The notochord cytoplasm was denser in the 
co n tro ls  ( P la te  XVI, Fig. 42) than in the  t r e a te d  embryos ( P la te  XVI,
Fig. 43; 44) .  The notochordal curvatures  were severe  enough in  places 
to  obtain  2 sec t ions  o f  notochord in the  same area (P la te  XVI,
Fig. 44) .  The developing f i b r i l s  fn between the  sec t io n s  are  collagen 
and glycosaminoglyeans (GAG), mainly chondrot in-4-  and 6 - s u l f a t e
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(Cohen and Hay 1971; Hay and Meier 1974). The developing myo- 
f i b r i l s  in  the  myotome o f  the  t r e a te d  embryos (P la te  XVII, Fig. 45) 
were completely d isorganized .  Dark s t a in in g  myosin f i laments  were 
p re sen t ,  but the  arrangement was completely d is rup ted  when compared 
to  control embryos (P la te  XVII, Fig. 45). Actin f i laments were 
present  in the  cytoplasm o f  both t r e a te d  and control embryos, but 
were more d i s t i n c t  in the  c o n t ro l s .  The sclerotome c e l l s . o f  the 
control embryos (P la te  XVII, Fig. 47) were o r ien ted  around the 
notochord. The sclerotome o f  the  t r e a te d  embryos from the same 
level  (P la te  XVII, Fig. 48) was not as well organized as the  co n t ro l .
The compression t h a t  was evident a t  the e a r l i e r  time periods was 
s t i l l  present a t  9 hours a f t e r  t reatment  (P la te  XVIII, Fig. 50). 
In te rn a l ly  the  degree o f  curva ture  o f  the notochord had increased 
(P la te  XIX, Fig. 52a; 53) in the  t r e a te d  embryos. Usually the  noto­
chord curved both l a t e r a l l y  and d o r s a l - v e n t r a l ly ,  but  in some embryos 
a la rge  port ion o f  the  notochord was in the  same plane. In e i t h e r  case 
the  notochord pushed in to  the  neural tube forc ing  i t  in to  curves 
(P la te  XIX, Fig. 52a; 53b). The cen tra l  canal o f  the  neural tube was 
tw is ted .  The ganglia  were compressed with decreased area between them. 
The myotome was compressed a l so .
In the cross  sec t ions  the  de fec t  i s  seen as an o f f  cen te r  notochord
(P la te  XX, Fig. 55). There i s  a g rea te r  d is tance  between the  neural 
tube and notochord in the  t r e a t e d  embryo than is  found in the control 
( p l a t e  XX, Fig. 54). The microf ilaments o f  the  neural tube were 
disorganized (P la te  XX, Fig. 57) in the  t r e a te d  embryos a t  the  EM
l e v e l .  The microtubules were th in n e r  in some processes o f  the  t r e a te d
embryos than in the  con tro ls  ( P la te  XX, Fig. 56).  These processes were
from the ven tra l  po r t ion  o f  the  marginal layer  of  the neural tube.
The cytoplasm o f  the  c e l l s  in both the t r ea te d  CPI a t e  XXI,
Fig. 59} and control  CPI a te  XXI, Fig.. 58) embryos had decreased in 
d ens i ty  from t h a t  seen a t  e a r l i e r  t imes.  The control embryos had 
s l i g h t l y  denser notochordal cytoplasm than the t r e a te d  embryos. The 
myotome of  the  t r e a te d  embryo in t h i s  example (P la te  XXI, Fig. 61) 
was not as d is rup ted  as the  t r e a te d  myotome o f  e a r l i e r  times.  The 
myosin f i laments  o f  the t r ea te d  embryos were less  dense than those o f  
the  contro ls  (P la te  XXI, Fig. 60). There were no observable d i f fe rences  
in the sclerotome o f  the  t r ea te d  (P la te  XXII, Fig. 63) and control  
(P la te  XXII, Fig. 62) embryos. Both were o r ien ted  around the notochord.
The compression o f  the  cervica l  region of  the t r e a te d  embryos 
had continued to  increase  (P la te  XXII, Fig. 65) by 12 hours a f t e r  
t rea tment  when compared to  e a r l i e r  t imes.  The segments in the 
t r e a te d  embryos were much more d i s t i n c t  than in the con tro ls  (P la te  XXII, 
Fig. 64). These same segments could be seen in the sag g i ta l  sec t ions  
(P la te  XXIII, Fig. 67a).  The myotome (P la te  XXIII, Fig. 67b) and 
spinal  ganglia  (P la te  XXIII, Fig. 67c) o f  the  t r e a te d  embryos were 
compressed, with a decrease in  the area  between the gang l ia .  The 
notochord and neural tube were both s inuso ida l  (P la te  XXIII,
Fig. 67d, e ;  68) with the  curvatures o f  the  notochord becoming more 
severe with compared to  e a r l i e r  t imes.  The notochord curved l a t e r a l l y  
as well as dorsal  -  v e n t r a l l y .  I t  was pushing in to  the  neural tube a t  
the  extremes o f  the  cu rv a tu res .  Info ld ings occurred in  the  cen tra l  
canal o f  the  neural tube and were most severe a t  t h i s  time period.
The cross sec t ions  o f  the  t r e a te d  embryos (P la te  XXIV, Fig. 70) 
a t  t h i s  time d isp lay  numerous d e fe c t s .  The notochord i s  ova l ,  not
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round as in  the  control  (P la te  XXIV, Fig. 69). The neural tube i s  
tw is ted  and the  myotome i s  d is rup ted .
Again the  processes o f  the marginal layer  o f  the  neural tube 
in the  t r e a t e d  embryos as seen a t  the  EM level  are th in n e r  and d i s ­
rupted ( P la te  XXIV, Fig. 72) when compared to  the  con tro ls  (P la te  XXIV, 
Fig. 71). Fine a c t in  f i laments were observed in the  myotome o f  the 
t r e a te d  embryos ( P la te  XXV, Fig. 74) but the myofibri ls  were completely 
d is rup ted .  The cytoplasm o f  the  notochord c e l l s  in  the control  
embryos (P la te  XXV, Fig. 75) i s  denser than t h a t  o f  the  t r e a te d  
embryos (P la te  XXV, Fig. 76). The sclerotome o f  both t r e a te d  
(P la te  XXVI, Fig. 77) and control (P la te  XXVI, Fig. 78) embryos i s  
s im i l a r .
The in te rn a l  s inusoidal  appearance o f  the  cervica l  region was 
evident e x te rn a l ly  by 24 hours a f t e r  t reatment  when the embryos were 
viewed using SEM ( P la te  XXVI, Fig. 80) .  The sect ions  were becoming 
wedged shaped in o rder  to  f i t  in to  these  curves. I n t e r n a l ly  the 
extreme l a t e r a l  warping o f  the  notochord was evident (P la te  XXVII,
Fig. 82a ,b ) .  Pieces o f  the  notochord were located  beneath the  
gang l ia ,  in s tead  o f  being ventra l  to  the  neural tube as in the  contro ls  
( P la te  XXVII, Fig. 81d). The neural tube was twis ted  and convoluted 
in the  t r e a t e d  embryos, while the  in fo ld ings  in to  the  cen tra l  canal 
had decreased. The ganglia  o f  the  t r e a te d  embryos (P la te  XXVII.
Fig. 82a; 83) were compressed with l i t t l e  or  no space between them.
The myotome was a lso  compressed. The areas which wil l  develop in to  
the  ve r tebra l  c en t ra  were becoming def ined .  These areas in  the  
t r e a t e d  embryos were compressed when compared to con tro ls  (P la te  XXVII, 
Fig. 81c ,d) .
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The neural tube was elongated and the cen t ra l  canal s l i g h t l y  
twis ted  in the  cross sec t ions  o f  the  t r e a te d  embryos ( P la te  XXVII,
Fig. 85).  The notochord was ova l ,  not round as in  the  contro ls  
(P la te  XXVIII, Fig. 84).  There was a g rea te r  d is tance  between neural 
tube and notochord o f  the  t r e a te d  embryo in t h i s  s e c t i o n ,  than in the 
c o n t ro l .  Sclerotomic c e l l s  were o r ien ted  around the  notochord and 
were developing in to  chondroblasts in both the  t r e a te d  and control 
embryos.
The r e s u l t s  a t  the  EM level  were s im i l a r  to  those  a lready d i s ­
cussed fo r  e a r l i e r  times a f t e r  t rea tm en t .  Both the  microtubules and 
microfilaments found in the  marginal layer  o f  the neural tube 
(p l a t e  XXVIII, Fig. 87) were d isrup ted  in t h e i r  o rgan iza t ion .  The 
cytoplasm densi ty  o f  the  notochordal c e l l s  o f  the  contro ls  (P la te  XXIX, 
Fig. 88) had decreased from e a r l i e r  t im es,  with increased  amounts o f  
RER p resen t .  The notochordal c e l l s  o f  both the  t r e a te d  (P la te  XXIX,
Fig. 89) and control  embryos had the same cytoplasmic dens i ty .  The 
myofibri ls  o f  the  t r e a t e d  embryos ( P la te  XXX, Fig. 91) were s t a r t i n g  to 
recover  from the e f f e c t s  o f  the  p e s t i c id e  t rea tment  one day e a r l i e r ,  
but these  f i b r i l s  were s t i l l  smaller  and le s s  numerous than those o f  
the  control embryos (P la te  XXX, Fig. 90).
The cerv ica l  region of  the  t r e a te d  embryos (P la te  XXX, Fig. 93) 
as observed using the  SEM was much s h o r t e r  than the  same area o f  the 
con tro ls  (P la te  XXX, Fig. 92) by 1\  d a y s . a f t e r  t rea tment  with mono­
crotophos. The f i r s t  11 segments were extremely compressed. These 
same segments were hard to  see in  the  c o n t ro l s .  The in te rn a l  
appearance was very s im i l a r  to t h a t  found 1 day a f t e r  t rea tm en t .  The 
notochord was extremely s inusoidal  ( P la te  XXXI, Fig. 95) ,  pushing in to
the  neural tube as well as curving l a t e r a l l y .  The ganglia  and 
myotomic areas were compressed. The developing muscle was sparse  
in the  t r e a te d  embryos. Chondrif icat ion was continuing in  both the  
t r e a t e d  and control embryos, with dense caudal and l e s s  dense c ran ia l  
sc lerotomic  areas p resen t  in the  con tro ls  ( P la te  XXXI, Fig. 94).
These same areas were compressed in the  t r e a te d  embryos, e sp e c ia l ly  in 
the  areas o f  maximum notochordal cu rva tu re .
Vacuolation o f  the  notochords has increased  with development, with 
no observable  d i f fe ren ce  between the  r a t e  in the  t r e a t e d  (P la te  XXXI, 
Fig. 97) and control (P la te  XXXI, Fig. 96) embryos. Along with 
increased  vacuo la t ion ,  a decrease in  cytoplasmic dens i ty  o f  the  noto­
chordal c e l l s  occurred.  This was observable  a t  the  EM level in both 
t r e a t e d  ( p l a t e  XXXII, Fig. 99) and control  (P la te  XXXII, Fig. 98) 
embryos. The myotome o f  the t r e a t e d  embryos (P la te  XXXII, Fig. 101) 
had fewer myofibri ls  than found in the  con tro ls  (P la te  XXXII, Fig. 100), 
but seemed to  be recovering from the  e f f e c t s  o f  the  p e s t i c id e .
Extreme shortening  o f  the  ce rv ica l  region was observed in the 
t r e a t e d  embryos (P l a te  XXXIII, Fig. 103) by 2 days a f t e r  t rea tm en t .
This region was one h a l f  the length o f  the  same area  in the control 
embryos (P la te  XXXIII, Fig. 102). I n t e r n a l ly  chondrif i  ca t ion  was 
proceeding normally around the  notochord in both the  control 
( P la te  XXXIII, Fig. 104) and t r e a t e d  (P la te  XXXIII, Fig. 105b) embryos. 
These areas were extremely compressed in the  t r e a t e d  embryos. The 
notochordal curvatures  were so extreme in places t h a t  a Z-shaped noto­
chord was seen.  The neural tube was tw is ted  a t  t h i s  same lo c a t io n .
The spinal  ganglia  were very c lo se  to g e th e r .  The ganglia  touched in 
some cases .
31
Chondrif icat ion continued with the  ver tebra l  cen t ra  and neural 
arches (P la te  XXXIV, Fig. 106) becoming d i s t i n c t  by Zh days a f t e r  
trea tment  (5^ days o f  incuba t ion) .  The centra  o f  the  control  embryos 
were rec tangu la r  in shape with l in e s  o f  demarcation between them.
These same areas in the  t r e a te d  embryos were compressed (P la te  XXXIV,
Fig. 107). There were in d ic a t io n s  o f  fusion o f  the  ver tebra l  centra  
in  th e  t r e a t e d  embryos in the  areas o f  extreme curvature  o f  the noto­
chord. The ganglia  were compressed and on top o f  each o ther  in  the 
same area .
Much fusion o f  the  developing ver tebrae  was evident  in the  
t r e a t e d  embryos by 3 days a f t e r  treatment  (P la te  XXXIV, Fig. 109).
Fusion o f  the  neural arches o f  the  f i r s t  8 ver tebrae  was p resen t .
Fusion o f  the  ve r teb ra l  cen t ra  was a lso  ev iden t .  The centra  have 
developed around the  s inusoidal  notochord and a re  themselves s in u so id a l .  
The cen tra  were wedged-shaped in the  extreme curves in order  to  f i t  "  
in to  the  av a i la b le  a re a .  The ver tebrae  o f  the  t r e a te d  embryos were 
much smaller  than the contro ls  (P la te  XXXIV, Fig. 108). Muscle 
development in the  t r e a t e d  embryos was a f f e c te d ,  with l e s s  muscle 
p resent  in  the  t r e a t e d  than in the  control embryos. The ganglia  were 
severe ly  compressed and ran tog e th e r  in the  areas o f  extreme notochordal 
c u rv a tu re s .
The ca r t i lagenous  ver tebrae  were well developed by 5 days a f t e r  
trea tment  (8 days o f  incu b a t io n ) .  There was a grea t  d i f fe rence  in the  
lengths o f  the  cerv ica l  regions o f  the  control  (P la te  XXXV, Fig. 110) 
and t r e a t e d  (P la te  XXXV, Fig. I l l )  embryos. The neural arches were 
completely fused l a t e r a l  and dorsal to  the  neural tube.  The ver tebra l  
cen t ra  were fused through t h i s  region and sh o r t e r  than t.he c o n t ro l s .
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The extreme warping o f  the  notochord was s t i l l  ev ident .  The developing 
muscle in the  t r e a te d  emhryos was l e s s  abundant than in the  c o n t ro l s .
Histochemical s t a in  fo r  a ce ty lch o l ines te ra se
The r e s u l t s  o f  the  histochemical s t a in  fo r  AChE a f t e r  in v i t ro  
t rea tment  by in h ib i to r s  are  contained in  Table 3. Using acetyl 
th iocho l ine  iodide (ACH) as a s u b s t r a t e ,  a s t rong p o s i t iv e  s t a in  was 
loca ted  in the developing myotome, in the  marginal laye r  o f  the neural 
tu b e ,  in the ventra l  horn o f  the  neural tube ,  and in the  sympathetic 
chain ganglia (P la te  XXXVI, Fig. 112). No su b s t r a te  resu l te d  in no 
s t a in  (P la te  XXXVI, Fig. 113), so nonspecif ic  s t a in  was not a problem. 
Eserine t rea tment  r e s u l te d  in no s t a in  reac t ion  (P la te  XXXVI, Fig. 114), 
in d ic a t in g  i n h ib i t i o n .  IsoOMPA did not i n h ib i t  the  formation o f  the 
reac t ion  product ( P la te  XXXVI, Fig. 115). The po s i t iv e  areas were the  
same as in the  c o n t ro l s .  A range o f  1 , 5-b i s ( 4 - a l l y 1 dimethyl ammonium- 
phenyl ) -pen tane-3 - l  dibromide (284C51) from 110 u.g to 2 mg was t e s t e d .
The lower l ev e ls  (110, 200 and 500 u^) were po s i t iv e  in a decreasing 
degree.  Levels o f  750 ua and higher amounts in h ib i t e d  the  reac t ion  
(P la te  XXXVII, Fig. 116).
A general background- s t a in  resu l te d  when butyryl th iocho l ine  
iodide (BuThCh) was used as a s u b s t r a t e  (P la te  XXXVII, Fig. 117).
Treatment with isoOMPA (P la te  XXXVII, Fig. 118) and. 284C51. ( PI a te  XXXVII, 
Fig. 119) r e s u l te d  in  the  same appearance as the  c o n t ro l s .
The r e s u l t s  o f  the  histochemical t e s t  for  AChE a f t e r  in  ovo 
treatments  a t  3 days o f  incubation are  loca ted  in Table 4. The control 
embryos with no i n h ib i t io n  had a s t r o n g .p o s i t iv e  reac t ion  (P la te  XXXVII, 
Fig. 120), with the  same p o s i t iv e  areas as were found in the  in vi tro .
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Table 3: Histochemical t e s t  f o r  a ce ty lch o l in es te ra se  o f  t i s s u e  from
the  cerv ica l  region o f  s tage  19+ chicken embryos t r ea te d  
in v i t r o  with in h ib i to r s
In h ib i to r Amount Substra te Results Figure #
none ACH3 +++ 112
none none - 113
eser ine 130 ucj ( 10“5M) ACH - 114
isoOMPA1 68 ug (10~5M) ACH +++ 115
284C512 .110 ug (10-5m) ACH +++
284C51 200 ug ACH ++
284C51 500 ug ACH +
284C51 750 ug ACH - 116
284C51 l mg ACH -
284C51 2 mg ACH -
none BuThCh4 ± 117
isoOMPA 68 ug (10"5M) BuThCh ± 118
284C51 110 ug (10“5M) BuThCh ± 119
1 isoOMPA = tetraisopropylpyrophosphoramide
2 284C51 = 1 , 5-bi s (4-allyldimethylammoni umphenyl) -pentane-3-1 dibromide
3 ACH = acetyl  th iocho l ine  iodide
4 BuThCh = butyryl  th iocho l ine  iodide
+ to +++ = degrees o f  p o s i t iv e  reac t ion
-  = quest ionable  r e a c t io n ,  but  more p o s i t iv e  than negative
-  = negative reac t ion
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Table 4: Histochemical t e s t s  fo r  a ce ty lc h o l in e s te ra s e  a f t e r  in  ovo






none ++ ++ 120
eser ine 130 ug - -
isoOMPA1 100 ug + ++
isoOMPA 200 ug + ++ 121
284C512 300 ug ++ 122
284C51 1 mg *
monocrotophos 100 ug - - 123
* isoOMPA = tetraisopropylpyrophosphoramide
^ 284C51 = 1 ,5- b i s (4-all.yldimethylammoniumphenyl) -pentane-3-1 dibromide 
Acetyl th iocho l ine  iodide  was used as the  su b s t r a t e  in these  t e s t s .
+ to ++ = degrees o f  p o s i t iv e  reac t ion  
f  = ques t ionable  r e a c t io n ,  but  more negative than p o s i t iv e  
-  = negative reac t io n
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t e s t .  The s t a i n  was l e s s  in tense  with no f i x a t i v e ,  but the areas 
s ta ined  were the  same. Eserine in h ib i t e d  the  enzyme, so no reac t ion  
product was p resen t .  Treatment with isoOMPA did not i n h i b i t  the  
enzyme reac t ion  (P la te  XXXVII, Fig. 121). Dose lev e ls  higher than 
200 utj/egg caused embryo m o r ta l i ty .  The i n h ib i t o r  284C51 a t  300 u.g/egg 
did not i n h ib i t  the enzyme reac t ion  (P la te  XXXVII, Fig. 122) when the 
t i s s u e  was f ixed in  formalin . The reac t ion  was in h ib i t e d  a t  1 mg/egg 
in  the f i r s t  30 minutes o f  incubation in unfixed t i s s u e ,  but not 
a f t e r  t h i s  time. Monocrotophos in h ib i t e d  the  enzymatic reac t ion  
(P la te  XXXVIII, Fig. 123).
The embryos t h a t  were s ta ined  fo r  c a r t i l a g e  a t  6 days o f  incubation 
a f t e r  t reatment  a t  3 days had the  following appearances. Control 
embryos had s t r a i g h t  ver tebrae  with no fusion (P la te  XXXVIII, Fig. 129; 
P la te  XXXIX, Fig. 130). Monocrotophos t r e a te d  embryos had the 
expected appearance ( P la te  XXXVIII, Fig. 124) o f  a s inusoidal  and 
compressed cerv ica l  region with fus ion .  Embryos t r e a te d  with isoOMPA 
( P la te  XXXVIII, Fig. 125) were normal. Embryos t r e a t e d  with 284C51 
( P la te  XXXVIII, Fig. 127; 128) had the  same appearance as the  contro ls  
throughout the  t rea tm ent  range (100, 200, 300 ucj, 1 , 2 .5 ,  5 mg/egg).
Cor re c t io n  o f  monocrotophos de f e c t s by 2-PAM
Control embryos had s t r a i g h t  ver teb ra l  columns, with no curvatures  
o r  fusion (P la te  XXXVIII, Fig. 129; P la te  XXXIX, Fig. 130). Mono­
crotophos t r e a t e d  embryos exhib i ted  the  c h a r a c t e r i s t i c  syndrone 
( P la te  XXXIX, Fig. 131; 132) with fused and compressed v e r teb rae ,  a 
shortened cerv ica l  region and extremely s inusoidal  appearance o f  the  
axial  ske le ton  in  th e  cerv ica l  reg ion .  The fusion involved the  dorsal
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port ion of  the  neural arches o f  the second to s ix th  or seventh 
v e r teb rae .
Embryos t r e a te d  with both monocrotophos and 2-PAM Cl o r  2 mg/egg) 
a t  3 days o f  incubation exhibi ted a range o f  appearances. These 
embryos varied  in appearance from being s im i la r  to  the  contro ls  
(P la te  XXXIX, Fig. 133) to having fused and s inusoidal  vertebrae  
(P la te  XXXIX, Fig. 135) as seen in the  monocrotophos t r e a te d  embryos.
Most o f  the  embryos t r e a te d  in the  above manner displayed an appearance 
in te rmedia te  to the control and monocrotophos t r e a te d  embryos. The 
curvature  o f  the  cerv ica l  region was p resen t .  Fusion, i f  p resen t ,  
occurred between 2 or  a t  most 3 ve r teb rae .  The in te rv e r t e b ra l  spaces 
were l a rg e r  than in the  t r e a te d  embryos, but s t i l l  smaller  than in the  
c o n t ro l s .  The cerv ica l  region was increased in length  with 2-PAM 
trea tm ent .
Embryos p re t re a ted  with 2-PAM on e i t h e r  2 or  3 days o f  incubation 
before t rea tment  with both monocrotophos and 2-PAM on 3 days o f  incu­
bation s t i l l  had the  cerv ica l  cu rva tu res .  Fusion occurred very ra re ly  
or  was absent in these  embryos (P la te  XL, Fig. 136). Others t r e a te d
in th i s  manner appeared normal (P la te  XL, Fig. 137).
Embryos t r e a te d  with monocrotophos and 2-PAM on 3 days o f  incu­
bation and with 1 mg o f  2-PAM 24 hours l a t e r  (P la te  XL, Fig. 138; 139) ' 
appeared s im i la r  to the  above embryos. The warping o f  the  cervical  
region decreased from th a t  seen in monocrotophos t r e a te d  embryos, and 
fus ion ,  i f  p re sen t ,  occurred between 2 or  3 ve r tebrae .
The histochemical s t a i n  fo r  AChE was nega t ive ,  with no react ion
product formed ( P la te  XL, Fig. 140) when the  embryos were t r e a te d  with 
both 2-PAM and monocrotophos.
Discussion
Gross e f f e c t s  o f  monocrotophos
Treatment with monocrotophos caused a shortened body leng th ,  
mainly r e s u l t i n g  from a shortened neck. The necks o f  the  t r e a te d  
embryos were h a l f  the  length o f  the  necks o f  the  control  embryos. The 
body length minus the  neck length was the same in the con tro ls  and 
t r e a te d  embryos. Shortening o f  the  ex t rem i t ie s  occurred ,  with the 
legs a f fe c te d  more than the wings. The legs were not de fec t ive  in 
any way o ther  than leng th .  No head o r  beak defec ts  were noted.
Monocrotophos has been reported  to cause p a r ro t  beak, shortened 
and deformed l e g s ,  growth r e t a r d a t io n ,  and shortened neck (Roger 
1967; Roger e t  aK  1969). The f u l l  range o f  de fec ts  depended upon 
the  dose l e v e l ,  with increas ing  s e v e r i ty  o f  the  defec ts  with increas ing  
dose (Roger e t  al_. 1969). No head or  beak defec ts  were found in t h i s  
study a t  the  dose level  used.
Defect appearance versus day o f  t rea tment
The r e s u l t s  obtained in t h i s  experiment were d i f f e r e n t  from those 
obtained by Roger e t  al_. (1964; 1969). The time o f  t rea tment  did 
inf luence  the r e s u l t i n g  d e fe c t .  The amount o f  p e s t i c id e  used was 
probably the key, because the degree o f  de fec t  i s  dose r e l a t e d .  The 
e f f e c t s  due to t rea tm ent  a t  a s p e c i f i c  time were masked with an 
increas ing  p e s t i c id e  dose.
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The time o f  t rea tm ent  had a d i s t i n c t  in f luence  on the appearance 
o f  the d e fe c t  a t  6 days o f  incubat ion .  Treatment before incubation 
r e su l te d  in no d e fe c t s ,  o r  a s l i g h t  de fec t  in  the  notochord and 
ver teb ra l  c e n t r a .  The neural arches were s l i g h t l y  a f f e c t e d ,  i f  a t  a l l .  
Roger e t  al_. (1969) s t a t e d  t h a t  dosages o f  0 .3  mg or  higher o f  monocro­
tophos have to be given p r io r  to  incubation to cause t e ra togen ic  
e f f e c t s .
Treatment a t  1 day o f  incubation increased the se v e r i ty  o f  the 
d e fe c t s .  Compression o f  the ve r tebra l  centra,  and warping o f  the 
notochord r e s u l t e d .  Increased fusion o f  the  neural arches was p resen t .  
Two and 3 day trea tments  r e su l te d  in s im i la r  d e fe c t s ,  which were more 
severe than those seen in e a r l i e r  t rea tm en ts .  There was fusion and 
compression of  the v e r te b rae ,  compression o f  the  spinal  gan g l ia ,  and 
an extremely s inuso ida l  appearance o f  the  notochord. Treatment a t  4 days 
r e su l te d  in a lessen ing  o f  the  d e fe c t s .  The defects  s h i f t e d  from the 
ventra l  to  the dorsal  port ion  o f  the  developing ve r teb rae .  The 
cen tra  were not as compressed as e a r l i e r  and notochord curvatures  had 
lessened.  Fusion o f  the neural arches was presen t  while fusion o f  the 
ve r tebra l  cen t ra  had lessened.  Treatments a t  5 days a f fe c te d  only 
the  neural a rches .  No shortening o f  the  ce rv ica l  region o r  fusion 
o f  the ve r tebra l  cen t ra  was presen t  with trea tments  a t  5 days.
The i n s e c t i c id e  a f fec ted  the ventra l  por t ion  o f  the  ver tebrae  
when the  embryos were t r e a te d  a t  1, 2, o r  3 days o f  incubat ion .
The neural arches were s t i l l  a f fe c te d  a t  4 days o f  incuba t ion ,  but  with 
a lessen ing  o f  the  e f f e c t s  in  the v e r teb ra l  c en t ra .  The defec ts  
s h i f t e d  to the  dorsal  por t ion  o f  the  ver tebrae  with 5 day t rea tm en ts .
The most s e n s i t i v e  t rea tm ent  times were around 3 days o f  incubat ion .
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Roger e t  al_. (1964) reported  t h a t  t rea tment  o f  chicken embryos 
with dicrotophos during th e  f i r s t  6 days o f  incubation r e s u l te d  in the 
same ce rv ica l  d e fe c t s .  These embryos were observed ( e x te rn a l ly  only) 
a t  21 days o f  incubation .  Roger e t  al_. (1969) t r e a te d  chicken embryos 
on 0, 2, o r  4 days o f  incubation with 0 .3  mg o f  monocrotophos. No 
d i f fe rences  were found in the  re s u l t in g  abnorm ali t ie s .  Four days o f  
incubation was found to be the most s e n s i t iv e  to both dicrotophos 
and monocrotophos t rea tm en ts .  Treatment a f t e r  6 days o f  incubation 
r e su l te d  in no d e fe c t s .
Development o f  de fec ts  with treatment  a t  3 days of  incubation
The f i r s t  in d ic a t io ns  o f  the cerv ica l  de fec t  were seen by 3 hours 
a f t e r  t rea tm en t .  The somitic  areas of  t h i s  region were compressed or  
reduced in s i z e ,  causing an info ld ing  o f  the  epidermis to  o u t l in e
the a reas .  Neither  the  notochord nor the  neural tube was s t rong ly
< s
a f fe c te d .  As development continued t h i s  e x t e r io r  compression remained 
and increased in s e v e r i t y .
I n t e r n a l ly  the  myotome areas of  the  somites became compressed 
s h o r t ly  a f t e r  t rea tm en t .  The m yofibr i ls  o f  the  developing muscle were 
d is rup ted  in the  t r e a te d  embryos within  3 hours o f  t rea tm ent .  They 
recovered l a t e r  in  development, but the r e s u l t in g  muscle was less  
abundant than in  the  c o n t ro l s .
The spaces between the cerv ica l  ganglia  were sm aller  in  the 
t r e a te d  than in  the control  embryos, with the ganglia  themselves 
becoming compressed with f u r t h e r  development. This compression became 
so severe  t h a t  some ganglia  ran toge ther  before jo in ing  the  neural tube.
The f i r s t  i n d ic a t io n  o f  notochordal involvement was a curve near 
the level o f  the e igh th  cerv ica l  ve r tebrae .  This curve became sharper  
with f u r t h e r  development with  warping occurring in  a l a t e r a l  as well 
as dorsal -  ventra l  d i r e c t i o n .  This warping increased in  s e v e r i ty  
u n t i l  ch on d r i f i c a t io n  occured. Notochord vacuolation occurred in 
both t r e a te d  and control  embryos a t  the same pace. The cytoplasm of  
the  t r e a te d  notochord c e l l s  was le s s  dense than the con tro ls  sh o r t ly  
a f t e r  t rea tm en t ,  but the  cytoplasm of  both became le s s  dense as the 
vacuolat ion continued.  This d i f fe ren ce  in dens i ty  was in the  ground 
substance o f  the cytoplasm.
The neural tube was a lso  a ffe c te d  by in s e c t ic id e  t rea tm ent .  The 
e a r ly  notochordal curve was p a ra l le d  by a s im i la r  curve of  the neural 
tube.  The notochord appeared to push in to  the  neural tube a t  the  apex 
o f  i t s  curves.  There was a tw is t ing  and in fo ld ing  in the cen tra l  
canal o f  the neural tube.  These were most severe around 12 hours a f t e r  
t rea tm en t ,  then a f t e r  t h i s  time the in fo ld ings  decreased.  The 
p e s t i c id e  seemed to have a d i r e c t  e f f e c t  on the  marginal lay e r  o f  
the  neural tube.  Both the microtubules and microfilaments o f  t h i s  
area were d is rup ted .
Early ch on d r i f i c a t io n  sequences occurred throughout the  time of  
t h i s  s tudy.  C a r t i lage  t h a t  was recognizable  as such a t  the l i g h t  level 
s t a r t e d  to develop around 4 to 5 days o f  incubat ion .  Chondrif icat ion 
timing did not appear to  be inf luenced by monocrotophos t rea tm ent .  The 
ver tebrae  developed around the notochord, using i t  as a template .  The 
ver tebrae  o f  the  t r e a te d  embryos were compressed and wedge - shaped as 
they developed. They were forced in to  the  wedges in  o rder  to follow the
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curvatures  o f  the  notochord. Fusion occurred between these compressed 
ve r teb rae .  The developing neural arches were a lso  fused.  A so l id  
r ing o f  c a r t i l a g e  had developed around the neural tube by 5 days a f t e r  
t rea tm ent .  This extended from the f i r s t  to  the eighth  o r  ten th  
cerv ica l  ve r teb rae .  This car t i lagenous  mass was th ic k e r  than normal 
ve r tebrae  and about h a l f  the  leng th .  The mass o f  fused ver tebra l  
centra  were no longer warped, because c a r t i l a g e  had f i l l e d  in between 
the  curves. The notochordal curves were s t i l l  p resen t .
Schom and Abott (1977) reported  an abnormal bending in chicken 
embryos t r e a te d  with monocrotophos a t  s tage  20. This bending was in 
the same region as the  f i r s t  signs o f  compression noted in the 
p resen t  s tudy.
Nicotine s u l f a t e  t rea tment  o f  chicken embryos a t  2 or  4 days o f  
incubation (Strudel 1971; Strudel and Gateau 1971) caused notochordal 
defects  s im i la r  to those  reported in the p resen t  work. The neural 
tube and somites were not  a f fe c te d  u n t i l  24 hours a f t e r  t rea tm ent .  The 
defec ts  a t  48 hours a f t e r  t rea tment  were very s im i l a r  to the ones 
obtained in t h i s  work a t  t h a t  time period .  The authors concluded th a t  
the  notochord was responsib le  f o r  the d e fe c t .
Meineil (1970; 1973a; 1973b; 1974a; 1975b; 1977a) t r e a te d  chicken
eggs with para thion a t  0, 1, o r  2 days o f  incubat ion .  A s inusoidal
notochord a t  4 days o f  incubation was the  f i r s t  d e fec t  noted. The
neural tube was a lso  a f fec ted  by t h i s  time. The somites were i r r e g u l a r  
by 5 days. The de fec ts  a f t e r  6 days o f  incubation were s im i l a r  to 
those  obtained in  the  presen t  experiment.
These authors reported  notochordal defec ts  as the  f i r s t  t e ra togen ic  
s igns a f t e r  t rea tm ent  with i n s e c t i c i d e s .  In the  presen t  study the f i r s t
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signs  were a compression o r  shortening o f  the somitic  areas and the 
region j u s t  l a t e r a l  to  the  somites with an increased o u t l in in g  o f  the 
same e x te r n a l ly .  The bending observed by Schom and Abott (1977) would 
c o r r e l a t e  with these  r e s u l t s .
The compression o f  the  somitic  areas might have caused le s s  than 
normal space f o r  the  notochord to e longate .  The notochord development 
was not hindered by the i n s e c t i c i d e ,  so i t  continued to  e longa te .  The 
notochord bent in order  to f i t  in to  the  smaller  than normal space. This 
was the f i r s t  bending o f  the notochord. The notochord continued to grow 
in  length in a sm al le r  than normal space, so increased warping 
occurred. A 3-dimensional e f f e c t  would be expected,  and the evidence 
v e r i f i e d  t h i s .
The notochord pushed in to  the neural tube causing some o f  the 
tw is t in g  seen in i t .  The neural tube might a lso  be d i r e c t l y  a f fec ted  
by the i n s e c t i c id e  thus impeding i t s  normal development. Evidence 
fo r  the  d i r e c t  e f f e c t  would be the  disorganized appearance o f  the 
microfilaments and microtubules a f t e r  i n s e c t ic id e  t rea tm en t .  This 
could be another  f a c t o r  in  the tw is t ing  o f  t h i s  s t r u c tu r e .
The ganglia  were compressed because there  was l e s s  space between 
them than normal. They were unable to enlarge properly  due to  the 
l im i ted  space, so compression r e s u l te d .
The ve r tebra l  c en t ra  formed around the  notochord. To f i t  in to  
the curves o f  the  notochord, the  centra  developed as wedges. This 
d i s rup t io n  o f  the  normal r ec tan gu la r  shape as well as the extreme 
compression might have caused fus ion  o f  the  ve r tebra l  c en t ra .  Another 
f a c to r  to  consider  in the  fus ion  o f  the  vertebrae  was lack o f  movement.
43
Drachman and Sokoloff  C1966), Murry and Drachman (1969), and Sul l ivan  
(1966) showed t h a t  lack, o f  movement during development caused j o i n t  
fu s ion .  The j o i n t  c a v i t i e s  f a i l e d  to  develop, and s o l id  t i s s u e  
r e s u l t e d .  This probably was instrumental  in  the  fusion o f  the  neural 
arches .  Strudel  (1955a; 1955b; 1967) reported t h a t  removal o f  the 
notochord caused a s o l id  ventral  mass of  c a r t i l a g e  to form. The 
misshapen notochord c rea ted  in t h i s  study might not have had the 
proper inf luence  on the vertebrae  and a so l id  mass formed.
The developing muscle was d i r e c t l y  a f fec ted  by the i n s e c t i c id e .
The m yofibr i ls  were disorganized sh o r t ly  a f t e r  t rea tm ent .  The muscle 
recovered somewhat, but  the re  were s t i l l  fewer m yofibr i ls  than in the 
c o n t ro l s .  Meiniel (1975b) repor ted  the same e f f e c t  using para th ion .
He reported  fewer myof ibr i ls  in  t r e a te d  embryos a t  8 days o f  incubation 
( t rea tment  a t  0 days) than in  c o n t ro l s .
Histochemical s t a in  fo r  ace ty lch o l in es te ra se
In v i t r o  t rea tment  with e se r ine  prevented the formation o f  the 
reac t io n  product . This f inding  in d ica te s  the  general enzyme c la ss  
c h o l in es te ra se  (ChE) (Pearse 1972). IsoOMPA a t  10"^M did not i n h i b i t  
the enzyme when ACH was the s u b s t r a t e ,  while 284C51 did i n h i b i t  i t  
a t  7 x 10"^M and higher l e v e l s .  No reac t ion  product was presen t  
when BuThCh was used as a s u b s t r a t e .  These r e s u l t s  in d ic a te  t h a t  
t ru e  a c e ty lc h o l in e s te r a s e  was the  enzyme responsib le  f o r  the  formation 
o f  the  rea c t io n  product.
Drews (1975) repor ted  the  e f f e c t i v e  range f o r  i n h ib i t io n  by 
284C51 to  be 1 x 10-5M to  2 x 10“4M. Pearse (1972) repor ted  100% 
in h ib i t io n  o f  AChE in r a t  bra in  homogenate a t  3 x 10“5m 284C51 and
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only 2% ChE in h ib i t io n  a t  this, l e v e l .  He a lso  reported  90% ChE 
i n h ib i t io n  with isoOMPA a t  1 x 1Q“^M and 0% AChE i n h ib i t io n .
The s i t e s  which were p o s i t iv e  in the  control  embryos in  t h i s  study 
were the  same as repor ted  by Drews (1975) fo r  s tage  20 chicken embryos. 
These s i t e s  were nerve or  muscle loca t ions  and would be expected to 
contain  AChE. The notochord did not  s t a in  f o r  AChE using th i s  
technique.
Both monocrotophos and e se r ine  t rea tment  in ovo a t  3 days of  
incubation completely in h ib i t e d  the  enzyme. The ce rv ica l  region was 
d e fec t ive  with t rea tm ent  by these compounds a t  6 days o f  incubat ion .  
IsoOMPA did not i n h i b i t  the enzyme and no defects  were observed in 
the  embryos. In ovo treatments  with 284C51 in h ib i t ed  the enzyme 
only s l i g h t l y  by 3 hours l a t e r .  No defec ts  were observed a t  6 days 
o f  incubation using t h i s  compound, even a t  high dose l e v e l s .  This 
compound i s  a r e v e r s ib le  i n h i b i t o r  o f  AChE (Drews 1975), while both 
monocrotophos and e se r in e  are  i r r e v e r s i b l e  i n h i b i t o r s .  The s l i g h t  
i n h ib i t io n  was obtained by processing f resh  t i s s u e  as rap id ly  as 
p o ss ib le .  Even then the  reac t ion  product formed a f t e r  one h a l f  
hour in the incubation media.
This study showed a c o r r e l a t io n  between in h ib i t io n  o f  AChE or  
lack o f  i t  a t  3 hours a f t e r  t rea tm ent  and r e s u l t i n g  defec ts  a t  3 
days a f t e r  t rea tm en t .  Meiniel (1975b) reported  a s im i l a r  c o r r e la t io n  
between AChE i n h ib i t i o n  and r e s u l t i n g  defec ts  using malathion, 
d icro tophos,  and para th ion  as i n h i b i t o r s .
A ce ty lcho l ines te rase  has been reported  to  be involved with 
funct ions  o th e r  than nerve impulse t ransmiss ion .  Some authors  
suggested t h a t  i t  was involved in  c e l l  movements (Drews 1975; Bishop
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e t^ a K  1976). Others found a ro le  f o r  AChE in pro te in  synthesis  
( S a t l e r  ert aK  1974; Black and Reis 1971) or  i.n the  regu la t ion  of  
t r a n s p o r t  o f  substances CSastry e t  1976). AChE a c t i v i t y  was 
involved in  development o f  both card iac  (Taylor 1976) and sk e le ta l  
muscle (Filogamo and Gabella 1967; Drews 1975; Sawyer e t  a l . 1976).
Some o f  these  funct ions  might explain  the presence o f  AChE in 
embryos before  nerve a c t i v i t y  occurres .
Correct ion o f  monocrotophos defec ts  by 2-PAM
Wilson and Ginsburg (1955) reported pyridine-2-aldoxime (2-PAM) 
to be a powerful r e a c t i v a t o r  of  a ce ty lch o l in es te ra se  in h ib i ted  by 
organophosphates.
Counter t rea tm ent  o f  monocrotophos t r ea te d  chicken embryos with 
2-PAM re s u l te d  in a range o f  d e fe c t s .  These range from fused ver tebrae  
with extreme curvatures  to s t r a i g h t  vertebrae  with no fusion as expected 
in c o n t ro l s .  Increased leve ls  o f  2-PAM seemed to  decrease the  s e v e r i ty  
of  the  d e fe c t s .  Fusion was decreased o r  e l iminated by using 2-PAM, but 
the  curvature  involving the  ve r teb ra l  cen t ra  remained in most cases .  
Embryos t r e a te d  with 2-PAM along with monocrotophos have longer 
ce rv ica l  regions than embryos t r e a te d  with monocrotophos alone.
O vera l l ,  2-PAM trea tment  decreased the s e v e r i ty  o f  the de fec ts  caused 
by monocrotophos, but  did not  e l im ina te  them. AChE was not  rea c t iv a te d  
a f t e r  a 3 hour t rea tm ent  with 2-PAM in t h i s  s tudy.  This would 
c o r r e l a t e  with the  presence o f  the  de fec t  a f t e r  2-PAM trea tm ents .
Pralidoxime, P2S, 2-PAM and TMB-4 reduced o r  e l iminated  the 
de fec ts  caused by trea tm ent  o f  quail  eggs with parathion (Meiniel 1975b; 
1976a; 1976b). These eggs were t r e a te d  before incubation ,  not  l a t e r
in development when the  embryos were more s e n s i t i v e  to the i n s e c t i c id e s .  
Pralidoxime countered the  e f f e c t s  of  para thion in je c te d  in to  chicken 
eggs on 5 days o f  incubation (Meiniel 1975b), but  t h i s  was a lso  
not during the  time the  embryos were most s e n s i t iv e  to in s e c t ic id e  
t rea tment .
Conclusion
The f i r s t  in d ica t io n  o f  a de fec t  noted in t h i s  study was a 
shortening o f  the  somitic  areas o f  the  cervica l  region o f  monocro­
tophos t r e a te d  embryos, e sp ec ia l ly  of  the myotome and the region 
l a t e r a l  to  the  myotome. The muscle o f  t h i s  area was d i r e c t l y  
a f fec ted  by the  i n s e c t ic id e  as observed by u l t r a s t r u c t u r a l  and 
enzyme s tu d i e s .  The arrangement o f  the  ac t in  and myosin fi laments 
o f  the myofibr i ls  in the  t r e a te d  embryos was disorganized by 3 hours 
a f t e r  t reatment  a t  s tage  20. No myofibri ls  were observed by 6 hours 
a f t e r  t rea tm ent .  Acety lcho l ines te rase  (AChE) i s  present  in the 
normally developing sk e le ta l  muscle a t  t h i s  time (Drews 1975) and 
is  involved in normal development o f  the  muscle (Filogamo and 
Gabel!a 1967). This enzyme is  in h ib i ted  by the  in s e c t i c id e  as 
demonstrated by the histochemical  s t a i n .
Schom and Abott (1977) reported th a t  t rea tment  with monocro­
tophos a t  s tage  20 caused an abnormal bending o f  the  cervica l  region 
within  1 hour a f t e r  t rea tm en t .  This corresponds to  the  shortening 
seen in the  present  experiments.
The embryos are  most s e n s i t iv e  to in se c t i c id e  t rea tment  a t  
s tage  20. This could be a very su s cep t ib le  time in muscle development, 
when AChE i s  necessary fo r  proper development. Normal embryo 
movements usual ly  s t a r t  around s tage  22 to  24 (3% to  4 days o f  
in cu b a t io n ) .
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The decrease in  length o f  the  njyotome and the region l a t e r a l  to 
i t  could have caused a decrease in the area ava i lab le  for  notochordal 
e longat ion .  Vacuolation and e longation o f  the notochord continued 
normally, and thus the  notochord was forced in to  curves to  f i t  in to  
a l e s s  than normal space. When chondr i f ica t ion  occurred,  the  
developing ver tebrae  were wedge-shaped to  f i t  around these  curves. 
Fused and compressed cervica l  vertebrae  r e s u l te d .  This area was 
about one -ha l f  the normal l eng th ,  accounting fo r  the  reduction in 
neck and body lengths t h a t  were recorded in the  17 day embryos.
Lack o f  movement has been suggested as a cause o f  j o i n t  fusion 
(Murry and Drachman 1969). In h ib i t io n  o f  AChE by monocrotophos 
perhaps causes t h i s  lack o f  movement, and th e re fo re  may con tr ibu te  
to  the  fusion of  the  ve r teb rae .  The h a l f - l i f e  o f  the  in se c t ic id e  in 
the  eggs i s  around 2 days (Schom and Abott 1977), th e re fo re  the  insec­
t i c i d e  may s t i l l  be p resent  l a t e r  in development and continue to 
i n h ib i t  AChE.
The notochord appeared to push in to  the  neural tube a t  the 
extremes o f  i t s  cu rva tu res .  This might have contr ibuted  to  the  
tw is t in g  o f  the neural tube .  This tw is t in g  was most severe a t  12 
hours a f t e r  t rea tm en t ,  then decreased in se v e r i ty  a f t e r  th i s  time.
The in s e c t ic id e  a lso  appeared to  d i r e c t l y  a f f e c t  the  neural tube.  
Evidence fo r  t h i s  i s  the  d is rup t ion  o f  the microfilaments and micro­
tubules  o f  the  marginal laye r  o f  the  ventral  edge o f  the  neural tube. 
AChE i s  located  in t h i s  area o f  the  neural tube and is  in h ib i ted  by 
the  i n s e c t i c i d e .
Treatments with pyridine-2-aldoxime methiodide (2-PAM) p a r t i a l l y  
correc ted  the  cerv ica l  defects  caused by monocrotophos. The cervica l
region was longer with 2-PAM t rea tm en ts ,  and in  some cases fusion 
did not occur. AChE i s  rea c t iv a te d  by 2-PAM because i t  forms a 
complex with the  dimethyl phosphate port ion o f  monocrotophos and 
thus f rees  the  AChE. Dimethyl phosphate is  the  h a l f  o f  the  insec­
t i c i d e  which a t taches  to  and i n h ib i t s  AChE.
In h ib i t io n  o f  AChE may have caused the observed defects  due 
to i t s  ro le  in sk e le ta l  muscle development. Two poss ib le  modes of  
ac t ion  are  in d ica ted .  I f  the  muscle is  funct ional  a t  s tage  20, then 
in h ib i t io n  o f  AChE would cause a sus ta ined  con trac t ion  o f  the  muscle 
This would r e s u l t  in the  sh o r te r  cerv ica l  region.  Myofibril 
d i s rup t ion  occurs a f t e r  c o n t rac t io n .  I f  the  muscle i s  nonfunctional 
then the  AChE in h ib i t io n  might cause myofibri l  d i s ru p t io n .  This 
muscle would be sm aller  in mass than normal, and would not grow a t  
the  same ra t e  as normal muscle causing a smaller  cervica l  region.
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Embryos in jec ted  before incubation then f ixed  a f t e r  6 
days o f  incubation ,  a ,  neural a rch;  g, spinal  ganglia ;  
m, muscle; n, notochord; t ,  neural tube;  v, ve r tebra l  centra  
10 urn s e c t io n s .
Control embryo 130X.
Embryos t r e a te d  with 100 tig monocrotophos.
This embryo has the  same appearance as the  c o n t ro l s .  130X. 
Fusion o f  2 neural arches occurred ( la rge  arrow).  The 







P la te  II
Embryos t r e a te d  a t  1 day o f  incubation and f ixed a t  6 days 
o f  incubat ion ,  a ,  neural arch;  g, apinal ganglia ;  
m, muscle; n notochord; t ,  neural tube;  v, ve r tebra l  
c e n t r a .  10wn se c t io n s .
Control embryo 130X.
Treated embryo in je c te d  with 100 ug monocrotophos. There 
i s  an in d ic a t io n  of  neural arch fus ion ,  and a warped 






P la te  I I I
Embryos t r e a te d  a t  2 days o f  incubation and f ixed a t  6 
days, a ,  neural a rch;  g, spinal  agnglia ;  m, muscle; 
n, notochord; t ,  neural tube;  v, ver tebra l  cen t ra .  
lOum se c t io n s .
Control embryos. Representative saggi ta l  s e c t io n s .  130X. 
Treated embryos in je c te d  with 100 ucj monocrotophos. The 
neural arches are  fused and the ganglia  compressed (arrow). 
The space between the ganglia  is  les s  than in the c o n tro l .
A sinusoidal  notochord i s  ev iden t .  Representative 






P la te  IV
Embryos t r e a te d  a t  3 days o f  incubation and f ixed  a t  6 
days, a ,  neural a rch ; g , sp inal gang lia ;  n, notochord; 
t ,  neural tube; v , v e rteb ra l  c e n tra .  lOum re p re se n ta t iv e  
sa g g i ta l  s e c t io n s .
Control embryos. 130X.
Treated embryo in je c te d  with 100 ug o f  monocrotophos.
The la rg e  arrow in d ic a te s  the  same area in  the se c t io n s .  
The neural arches a re  fused and ganglia  are  compressed.




P la te  V
Fig 9c This embryo was t r e a te d  with 100 ug o f  monocrotophos
a t  3 days o f  incubation  then fixed  a t  6 days. Compressed 
sp inal ganglia  (g) a re  p re sen t .  The neural tube ( t ) ,  
notochord (n)» and ve rteb ra l  cen tra  (v) a re  extremely 
s in u so id a l .  The la rg e  arrow is  in d ic a t in g  the  same region 
as found in  Fig. 9a and 9b. 10 urn s e c t io n s .  130X.
Fig. 10 Control embryos in je c te d  a t  4 days o f  incubation  and fixed
a t  6 days, a ,  neural a rch ; g, gang lia ;  n, notochord; 
t ,  neural tube; v , v e rteb ra l  c e n tra .  10 urn re p re se n ta t iv e  






P la te  VI
Embryos t r e a te d  a t  4 days o f  incubation with 100 ug of 
monocrotophos and fixed  a t  6 days o f  incubation . These 
rep re se n t  the extremes in  appearance o f  the d e fe c t  with 
trea tm ent a t  4 days o f  incubation , a ,  neural arch; 
n, notochord; t ,  neural tu b e r  v , ve rteb ra l  c en tra .  
lOum s e c t io n s .
The neural arches are fused ( la rg e  arrow). The neural 
tube, notochord and verteb ra l  cen tra  (small arrow) are 
extremely tw is ted .  The v e rteb ra l  cen tra  are  not as 
compressed as those o f  e a r l i e r  trea tm en ts .  130X.
Fused neural arches ( la rg e  arrow) are p resen t as the only 






Pla te  VII
Embryos were t r e a te d  a t  5 days o f  incubation  and removed 
a t  6 days, a ,  neural a rch ; g , spinal gan g lia ;  n , notochord; 
t ,  neural tube; v, ve rteb ra l  c e n tra .  10 urn s e c t io n s .
Control embryo. 130X.
Treated embryo in je c te d  with 100 ug monocrotophos. Fusion 
o f  neural arches (arrow) i s  seen in  these  s e c t io n s .  The 
remaining areas appear normal. R epresentative  sag g ita l  
s e c t io n s .  130X.
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P la te  VIII
Fig. 15-18 Embryos in je c te d  a t  3 days o f  incubation  and f ixed  3 hours
a f t e r  trea tm en t. A, a n te r io r  end o f  embryo. Size bar =
500 urn.
Fig. 15 Control embryo






P la te  IX
20 Embryos were in je c te d  a t  3 days o f  incubation and 
f ixed  3 hours l a t e r ,  g, sp inal gang lia ;  m, myotome; 
n , notochord; t ,  neural tube.
10 urn r e p re se n ta t iv e  sag g ita l  s e c t io n s .
Control embryo 130X.
Embryo t r e a te d  with 100 ug monocrotophos. Compression 
o f  the  region ex te rnal to  the myotome (20a, arrows) i s  







P la te  X
23 Embryos in je c te d  a t  3 days o f  incubation  and fixed  
3 hours l a t e r ,  g , sp inal gang lia ;  m, myotome; 
n, notochord; s ,  sclerotome; t ,  neural tube.
Embryo t r e a te d  with 100 ug monocrotophos. Curvature o f 
both notochord and neural tube i s  p resen t .  The arrow 
i s  in d ic a t in g  the  same p o s i t io n  in  the se c t io n s .
10 urn re p re se n ta t iv e  sa g g ita l  s e c t io n s .  130X.
Control embryo, 1 urn cross s e c t io n ,  580X.
Embryo t r e a te d  with 100 ug monocrotophos, 1 urn cross 
s e c t io n .  580X.
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Marginal la y e r  o f  the ven tra l edge o f  the neural tube. 
Embryos in je c te d  a t  3 days o f  incubation  and f ixed  3 
hours l a t e r ,  f ,  m icrofilam ent; m, mitochondria; 
t ,  m icro tubules.
Control embryo. 6300X.
Embryo t r e a te d  with 100 ug monocrotophos. 6300X. 
Notochord. Embryos in je c te d  a t  3 days o f  incubation  
and f ixed  3 hours l a t e r ,  e r ,  endoplasmic re ticu lum ; 
m, m itochondria; n, nucleus; vac, vacuoles.
Control embryo. 4700X.










P la te  XII
29 Myotome. Embryos in je c te d  a t  3 days o f  incubation and 
f ixed  3 hours l a t e r ,  my, m y o fib r i l .
Control embryo. 6900X.
Treated embryo in je c te d  with 100 ug monocrotophos. 
6900X.
31 Sclerotome, o r ien ted  around notochord, e r ,  endoplasmic 
re ticu lum ; n, nucleus.
Control embryo. 7300X.
Treated embryo in je c te d  with 100 ug monocrotophos. 
7300X.
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P la te  XIII
33 Embryos in je c te d  a t  3 days o f  incubation and f ixed  6 
hours l a t e r .  A, a n te r io r  end o f  embryo, s iz e  
bar = 500 urn.
Control embryo.
Treated embryo in je c te d  with 100 ug monocrotophos. 
Compression o f  the  somites i s  e a s i ly  seen.
35 Control embryos, g , sp inal gang lia ;  m, myotome; 
n , notochord; t ,  neural tube. 10 urn re p re se n ta t iv e  






P la te  XIV
Embryos t r e a te d  a t  3 days of incubation with 100 ug 
monocrotophos and then f ixed  6 hours l a t e r ,  g, spinal 
g an g lia ;  m, myotome; n , notochord; t ,  neural tube.
10 urn re p re se n ta t iv e  sag g ita l  se c t io n s .
The arrow in d ica te s  the same lo ca tio n  in  the s e c t io n s .  
Compression o f  somites and ganglia  i s  p resen t along 
with notochordal cu rva tu res .  130X.
Notochordal curvatures (arrow) are more severe than a t  









P la te  XV
Embryos in je c te d  a t  3 days o f  incubation  and fixed  
6 hours l a t e r ,  m, myotome; n, notochord; s ,  sclerotome; 
t ,  neural tube . 1 urn cross s e c t io n s .
Control embryo. 130X.
Embryo t r e a te d  w ith 100 ug monocrotophos. 130X.
Marginal la y e r  o f  the  ven tra l edge o f  the  neural tube. 
Embryos in je c te d  a t  3 days o f  incubation  and f ixed  6 
hours l a t e r ,  m, m itochondria; t ,  m icrotubule.
Control embryo. 6000X.
Embryo t r e a te d  with 100 ug monocrotophos. 6000X.
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P la te  XVI
Notochord o f  embryos in je c te d  a t  3 days o f  incubation
and f ixed  6 hours l a t e r ,  
n , nucleus; vac, vacuole. 
Control embryo. 4000X. 
Embryo t r e a te d  with 100 ug 
Embryo t r e a te d  with 100 ug 
sec t io n s  o f  notochord are 
se v e r i ty  o f  the curvature
gag, glycosami noglycans;
o f monocrotophos. 4000X. 
o f  monocrotophos. Two 
p resen t ,  demonstrating the 
o f  the  notochord. 3700X.
87
mm










P la te  XVII
ftyotome of embryos in je c te d  a t  3 days o f  incubation 
and f ixed  6 hours l a t e r ,  a ,  a c t in  f i lam en ts ;  
my, m y o fib r i l .
Control embryo. 4600X.
Embryo t r e a te d  with 100 ug monocrotophos. 4600X. 
Sclerotome o rien ted  around the notochord, in je c te d  a t  
3 days o f  incubation  and f ixed  6 hours l a t e r ,  n, nucleus. 
Control embryo. 5700X.







P la te  XVIII
50 Embryos in je c te d  a t  3 days o f  incubation and fixed  
9 hours l a t e r .  A, a n te r io r  o f  embryo; s iz e  
bar  = 500 urn.
Control embryo.
Embryo t r e a te d  with 100 ug o f  monocrotophos.
Control embryo in je c te d  a t  3 days o f  fncubation then fixed  
9 hours l a t e r ,  g , sp inal gan g lia ;  m, muscle; n, notochord; 







P la te  XIX
Embryos in je c te d  with 100 ug monocrotophos a t  3 days o f 
incuba tio n , then f ixed  9 hours l a t e r ,  g , sp inal 
g an g lia ;  m, muscle; n, notochord; t ,  neural tube.
10 wn re p re se n ta t iv e  sag g ita l  s e c t io n s .
The notochord curvature  has increased  from th a t  seen a t  
6 hours a f t e r  t rea tm en t. Compression o f  both the 
ganglia  and developing muscle i s  p re sen t .  130X.
The notochord curves l a t e r a l l y  (arrow) in  ad d it io n  to  
dorsal -  v e n t r a l ly .  130X.
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Embryos in je c te d  a t  3 days o f  incubation and then 
fixed  9 hours l a t e r ,  g, sp inal gang lia ;  m, myotome; 
n, notochord; s ,  sclerotome; t ,  neural tube . 1 urn 
cross s e c t io n s .
Control embryo. 580X.
Embryo t r e a te d  with 100 ug monocrotophos. 580X.
Marginal lay e r  o f  ventra l edge o f  neural tube. Embryos 
in je c te d  a t  3 days of incubation and fixed  9 hours 
l a t e r ,  f ,  m icrofilam ents; t ,  m ic ro tubu les .
Control embryo. 8800X.




P la te  XXI
Fig. 58-59 Notochord. Embryos in je c te d  a t  3 days o f  incubation 
and then f ix ed  9 hours l a t e r ,  n , nucleus.
Fig. 58 Control embryo. 6000X.
Fig . 59 Embryo t r e a te d  with 100 ug monocrotophos. 7500X.
Fig. 60-61 Myotome. Embryos in je c te d  a t  3 days o f  incubation 
and then f ixed  9 hours l a t e r ,  tny, m y o fib r i ls .
Fig. 60 Control embryo. 6900X.
Fig. 61 Embryo t r e a te d  with 100 ug monocrotophos. 6900X.








Sclerotome th a t  i s  o r ien ted  around the  notochord. 
Embryos in je c te d  a t  3 days o f  incubation  and then 
fixed  9 hours l a t e r ,  e r ,  endoplasmic re ticu lum ; 
n , nucleus.
Control embryos. 6600X.
Embryo t r e a te d  with 100 ug monocrotophos. 6600X. 
Embryos in je c te d  a t  3 days o f  incubation  and then 
f ixed  12 hours l a t e r .  A, a n te r io r  end o f  embryo; 
s iz e  bar = 500 um.
Control embryo.







P la te  XXIII
68 Embryos in je c te d  a t  3 days o f  incubation and then
fixed  12 hours l a t e r ,  g, sp inal gang lia ;  m, myotome; 
n , notochord; t ,  neural tube. 10 urn rep re se n ta t iv e  
s a g g ita l  s e c t io n s .
Control embryo. 130X;
Embryo t r e a te d  with 100 ug monocrotophos. The myotome 
and ganglia  are  both compressed. The neural tube and 
notochord are  s in u so id a l .  The neural tube has in fo ld ings  
in to  i t s  c en tra l  canal (arrow). 130X.
An extremely curved notochord i s  p resen t in  th i s  embryo. 
130X.
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Embryos in je c te d  a t  3 days o f  incubation  and f ixed  
12 hours l a t e r ,  g , sp inal gang lia ;  m, myotome; 
n, notochord; t ,  neural tube . 1 urn cross s e c t io n s .  
Control embryo. 580X.
Embryo t r e a te d  with 100 ug monocrotophos. The myotome 
i s  d is ru p ted  and both the neural tube and notochord are  
misshapen. 580X.
Marginal la y e r  o f  the  ven tra l edge o f  the  neural tube. 
Embryos in je c te d  a t  3 days o f  incubation  and f ixed  12 
hours l a t e r ,  t ,  m icro tubules.
Control embryo. 7600X.
Embryo t r e a te d  with 100 ug monocrotophos. 7600X.





F ig . 75-
Fig. 75 
Fig. 76
Myotome. Embryos in je c te d  a t  3 days o f  incubation  
and f ixed  12 hours l a t e r ,  a ,  a c t in  f i lam en ts ;  
rny, m y o fib r i l .
Control embryo. 6700X.
Embryo t r e a te d  with 100 ug monocrotophos. 6700X. 
Notochord. Embryos in je c te d  a t  3 days o f  incubation  
and f ixed  12 hours l a t e r ,  n, nucleus; vac, vacuole. 
Control embryo. 4300X.
Embryo t r e a te d  with 100 ug monocrotophos. 4300X.
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Sclerotome. Embryos in je c te d  a t  3 days o f  incubation 
and f ixed  12 hours l a t e r ,  n , nucleus.
Embryo t r e a te d  with 100 ug monocrotophos. 5100X. 
Control embryo. 5100X.
Embryos in je c te d  a t  3 days o f  incubation and f ixed  
1 day l a t e r .  A, a n te r io r  end o f  embryo, s iz e  
bar = 500 urn.
Control embryo.







P la te  XXVII
Embryo in je c te d  a t  3 days o f  incubation and f ixed  
1 day l a t e r ,  g , sp inal g ang lia ;  m, myotome; n, notochord; 
t ,  neural tube. 10 urn re p re se n ta t iv e  sa g g ita l  s e c t io n s .  
Control embryo. 110X
Embryo t r e a te d  with 100 ug monocrotophos. Warped neural 
tube and notochord a re  p re sen t .  87X.
Embryo t r e a te d  with 100 ug monocrotophos. Compressed 
ganglia  and myotome occur in th i s  se c t io n .  87X.
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Fig. 8 6 -1
Fig. 86 
Fig. 87
Embryos in je c te d  a t  3 days o f  incubation  and fixed  
1 day l a t e r ,  g , sp inal gang lia ;  m, myotome; 
n , notochord; s ,  sclerotom e; t ,  neural tube. 1 urn 
cross  s e c t io n s .
Control embryo. 580X.
Embryo t r e a te d  with 100 ug monocrotophos. Misshapen 
notochord and neural tube are p resen t .  580X. 
Marginal la y e r  o f  ven tra l  portion  o f  neural tube. 
Embryos in je c te d  a t  3 days o f  incubation  and f ixed  1 
day l a t e r ,  f ,  m icrofilam ents; t ,  m ic ro tu bu les . 
Control embryo.. 6000X.




P la te  XXIX
Fig. 88-89 Notochord. Embryos in je c te d  a t  3 days o f  incubation 
and f ixed  1 day l a t e r ,  e r ,  endoplasmic re ticu lum ; 
n , nucleus; vac, vacuole.
Fig. 88 Control embryo. 5700X.
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91 Myotome. Embryos in je c te d  a t  3 days o f  incubation 
and f ixed  1 day l a t e r ,  my, m y o fib r i l .
Control embryo. 6700X.
Embryo t r e a te d  with 100 ug monocrotophos. 6700X.
93 Embryos in je c te d  a t  3 days o f  incubation  and f ixed  
l h  days l a t e r .  A, a n te r io r  end o f  embryo; s iz e  
bar = 500 urn.
Control embryo.
Embryo t r e a te d  with 100 ug monocrotophos. Compression 









P la te  XXXI
Embryos in je c te d  a t  3 days o f  incubation  and then f ixed  
l k  days l a t e r ,  g'.spinal gang lia ; m, muscle; n , notochord; 
t ,  neural tube . 10 urn re p re se n ta t iv e  sag g ita l  s e c t io n s .  
Control embryo. 85X.
Embryo t r e a te d  with 100 ug monocrotophos. Compressed 
ganglia  and myotome occur along with severe ly  warped 
notochord and neural tube . 85X.
. Embryos in je c te d  a t  3 days o f  incubation and fixed  l k  days 
l a t e r ,  g , sp inal gang lia ;  m, myotome; n , notochord; 
s ,  sc lerotom e; t ,  neural tube. 1 urn cross se c t io n s .  
Control embryo. 580X.
Embryo t r e a te d  with 100 ug monocrotophos. 580X.
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P la te  XXXII
Fig. 98-99 Notochord. Embryos t r e a te d  a t  3 days o f  Incubation 
and fixed  lh  days l a t e r ,  vac, vacuole.
Fig. 98 Control embryo. 6800X.
Fig. 99 Embryo t r e a te d  with 100 ug monocrotophos. 6800X.
Fig. 100-101 Myotome. Embryos t r e a te d  a t  3 days o f  incubation  then
fixed  IH days l a t e r ,  my, m y o fib r i l .
Fig. 100 Control embryo. 6800X
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Fig. 102-103 Embryos in je c te d  a t  3 days o f  incubation  and f ixed  2 days
l a t e r .  A, a n te r io r  end o f  embryo, s iz e  bar  = 500 urn.
Fig. 102 Control embryo.
Fig. 103 Embryo t r e a te d  with 100 ug monocrotophos.
Fig. 104-105 Embryos in je c te d  a t  3 days o f  incubation  and f ixed  2 days
l a t e r ,  g, sp inal gang lia ;  n, notochord, t ,  neural tube .
10 urn re p re se n ta t iv e  sa g g i ta l  s e c t io n s .
Fig. 104 Control embryos. 85X.
Fig. 105 Embryos t r e a te d  with 100 ug monocrotophos. 85X.
IZT
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P la te  XXXIV
Fig. 106-107 Embryos in je c te d  a t  3 days o f  incubation and f ixed  2h
days l a t e r ,  a ,  neural a rch ; g, sp inal gang lia ;  n, notochord; 
t ,  neural tube; v , v e rteb ra l  c e n tra .  10 urn re p re se n ta t iv e  
sag g ita l  s e c t io n s .
Fig. 106 Control embryos. 85X.
Fig. 107 Embryos t r e a te d  with 100 ug monocrotophos. Fused neural
arches and ve rteb ra l  cen tra  are  p resen t.  85X.
Fig. 108-109 Embryos in je c te d  a t  3 days o f  incubation then fixed  
3 days l a t e r ,  a ,  neural a rch ; g , sp inal g an g lia ;  n, 
notochord; t ,  neural tube; v, ve rteb ra l  c e n tra .  10 urn 
re p re se n ta t iv e  sa g g ita l  s e c t io n s .
Fig. 108 Control embryos. 85X.
Fig. 109 Embryos t r e a te d  with 100 ug monocrotophos. Fused neural
arches and v e r te b ra l  cen tra  occur. The arrow in d ica te s  
the  same p o s i t io n  in  the s e c t io n s .  Highly compressed 
ganglia  and v e rteb ra l  c en tra  a re  in  th i s  area  and a 
sharp ly  curved notochord is  a lso  p resen t .  85X.
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P la te  XXXV
Fig. 110-111 Embryos in je c te d  a t  3 days o f  incubation  and f ixed  5
days l a t e r ,  a ,  neural arch; g , sp inal g an g lia ;  m, muscle; 
n, notochord; t ,  neural tube; v , v e r teb ra l  c en tra .
Fig. 110 Control embryo. The 13 cerv ica l v e rteb rae  are numbered.
106X.
Fig. I l l  Embryo t r e a te d  with 100 ug monocrotophos. The neural
arches are  fused , and the muscle le s s  developed than 
in the c o n tro l .  The f i r s t  12 ce rv ica l  ve rteb rae  a re  
numbered, and are  severe ly  compressed. The notochord 
i s  s t i l l  warped and the developing ve rteb rae  are  a 
so l id  mass. The cen tra l  canal o f  the neural tube is  
almost s t r a i g h t .  106X
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P la te  XXXVI
Fig. 112-116 S ta in  fo r  a c e ty lc h o l in e s te ra se  with in  v i t r o  i n h ib i to r s .
Embryos were s ta in e d  fo r  AChE using the media o f  Karnovsky 
and Roots (1964). Average s tage  19+ (3 days o f  in cu b a tio n ) ,  
ag, antonomic g ang lia ;  g, sp ina l gang lia ;  m, myotome; 
t ,  neural tube. 10 urn se c t io n s .
Fig. 112 Control. No in h ib i to r ,  ACH as s u b s t r a te .  400X.
Fig. 113 Control. No in h ib i to r ,  no s u b s t r a te .  400X.
Fig. 114 Sections t r e a te d  with e s e r in e ,  130 ug (10"^M). ACH
as s u b s t r a te .  400X.
Fig. 115 Sections t r e a te d  with isoOMPA, 68 ug (10"5m) .  ACH
as s u b s t r a te .  400X.
Fig. 116 Sections t r e a te d  with 284C51, 750 ug (7 x 10“^M).











P la te  XXXVII
Fig. 117-119 S ta in  fo r  a ce ty lc h o l in e s te ra se  w ith  in  v i t r o
in h ib i to r s .  Embryos s ta ined  fo r  AChE using the  media
o f  Karnovsky and Roots. Average stage  19+ (3 days of
in cu b a tio n ) ,  g , sp inal gang lia ;  m, myotome; n, noto­
chord; t ,  neural tube. 10 urn cross s e c t io n s .
Fig. 117 Control. No in h ib i to r .  BuThCh as s u b s t r a te .  400X.
Fig. 118 Sections t r e a te d  with isoOMPA, 68 ug (H T 5M). BuThCh
as s u b s t r a te .  400X.
Fig. 119 Sections t r e a te d  with 284C51, 110 ug (10"^M). BuThCh
as s u b s t r a te .  400X.
Fig. 120-122 S ta in  fo r  a c e ty lc h o l in e s te ra se  using in. ovo in h ib i to r s .
Embryos s ta in e d  fo r  AChE using the media o f  Karnovsky 
and Roots. ACH as su b s t ra te .  Embryos were t r e a te d  a t  
3 days o f  incubation  and fixed  3 hours l a t e r ,  
ag, autonomic g ang lia ;  g , sp inal g an g lia ;  m, myotome; 
n, notochord; t ,  neural tube. 10 urn cross se c t io n s .
Fig. 120 Control embryos. P o s i tiv e  rea c t io n  loca ted  in  the
myotome, g a n g lia ,  and ventra l horn o f  the  sp inal cord. 
400X.
Fig. 121 Embryos t r e a te d  with 200 ug isoOMPA. 400X.




P la te  XXXVIII
Fig. 123 S ta in  fo r  a c e ty lc h o l in e s te ra s e .  Embryo in je c te d  with
100 ug monocrotophos a t  3 days o f  incubation  and f ixed  
3 hours l a t e r ,  g , sp inal g ang lia ;  m, myotome; n,. noto­
chord; t ,  neural tube . 10 urn cross s e c t io n s .  400X.
Fig. 124-129 Embryos in je c te d  a t  3 days o f  incubation  and fixed  in  FAA
3 days l a t e r .  Cartilageous ske le ton  was s ta in e d  using 
the  method o f  Ojeda, e t  al_. (1970).
Fig. 124 Embryo t r e a te d  with 100 ug monocrotophos. 10X.
Fig. 125 Embryo t r e a te d  with 100 ug isoOMPA. 10X
Fig. 126 Embryo t r e a te d  with 130 ug e s e r in e .  10X.
Fig. 127 Embryo t r e a te d  with 300 ug 284C51. 10X.
Fig. 128 Embryo t r e a te d  with 1 mg 284C51. 10X.
Fig. 129 Control embryo. 10X.
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Fig. 130-135 Embryos f ixed  a t  6 days o f  incubation  in  FAA and
s ta in e d  using the method o f  Ojeda e t  aK  (1970).
Fig. 130 Control embryo. 10X.
Fig. 131-132 Embryos t r e a te d  with 100 ug monocrotophos a t  3 days
o f  incubation . 10X.
Fig. 133-135 Embryos t r e a te d  with both monocrotophos (100 ug) and 
2-PAM (1 mg) a t  3 days o f  incubation . 10X.
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Fig. 136-139 Embryos f ixed  a t  6 days o f  incubation in  FAA and 
s ta in e d  using the  methods o f Ojeda ert al_. (1970).
Fig. 136-137 Embryos t r e a te d  with 2-PAM (1 mg) a t  2 days o f
incubation  and then with monocrotophos (100 ug) plus 
2-PAM (1 mg) a t  3 days o f  incubation . 10X.
Fig. 138-139 Embryos t r e a te d  with monocrotophos (100 ug) plus
2-PAM (1 mg) a t  3 days o f  incubation then with 2-PAM 
(1 mg) a t  4 days o f  incubation . 10X.
Fig. 140-141 Embryos in je c te d  a t  3 days o f  incubation and f ixed  
3 hours l a t e r .  Sections s ta in ed  fo r  AChE using the 
media o f  Karnovsky and Roots (1964). ag, autonomic 
g an g lia ;  g ,  sp inal g an g lia ;  m, myotome; n , notochord; 
t ,  neural tube . 10 urn se c t io n s .
Fig. 140 Embryos t r e a te d  with monocrotophos (100 ug) plus 
2-PAM (1 mg). 400X.
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